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FAST DC AMPLIFIER: Model K2-W is an effi SLOW DC AMPLIFIER: Mode! k2-P offers long SERRASSOID GENERATOR: Model k2-G pro 
cient and foolproof high-gain operational unit for all term sub-millivolt stability, either by itself or in duces a fixed triangular wave of 100 V peak-peak, at 
feedback computations, fast and slow A number of tandem with the K2-W. High-impedance chopper 500 kcps. Use it for quadratic rounding in diode 
special varieties are alsc modulated input. Filtered output to networks, and for many 


in quantity production ($24.00) drive balancing grid or follower ($60.00) other non-linear recreations ($29.00) 


PHILBRICK uses these octal plug-in modules, and many others like them in 
their standard computing instruments. They are tried and true, com- 
pact, convenient, and economical. You too can find profit and happiness 


with their help eeoeeteegeeg#eege#eeete%eee ¢ @ All 1 ees Plug-ins run OV plus and minus 
300 VDC and 6.5 VAC. Socket wiring 
is simple and standardized. Write for 
freely given opinions on your application. 


The analog way 1S the model way © eceeee « GEORGE A. P | i I I BRICK RESEARCHES, INC. 


228 Coneress St., Boston 10, Massachusetts 
1 








HIGH TEMPERATURE 
MOISTURE and 
FIRE RESISTANT 


HLECTRICAL CABLE 
for AIRCRAFT 


to MIL-C-25038 


FOR SUPERIOR WET DIELECTRIC STRENGTH, ABRASION 
RESISTANCE, HIGH TEMPERATURE AND FIRE RESISTANCE, 
AS WELL AS RESISTANCE TO OIL, FUEL, HYDRAULIC 
FLUID AND SALT WATER — 


AVAILABLE IN AWG SIZES FROM #20 TO #4/0 
AWG AWG AWG 
20 10 1 
18 8 0 
16 00 
14 000 
12 2 0000 


WE MAKE CABLE TO DO SPECIFIC JOBS. TELL US ABOUT YOUR PROBLEM. 


SPECIFY LEWIS MIL THERMOCOUPLE WIRE 
FOR PERMANENT AIRCRAFT INSTALLATIONS 


CORRECTLY CALIBRATED TO INSURE AIRCRAFT ACCURACY AND WITH 
LEWIS LAMINATED INSULATION TO MAINTAIN CIRCUIT INTEGRITY 


eos COPPER-CONSTANTAN 


THERMOCOUPLE, WIRE AND LEAD WIRE 
TYPE | CLASS A, B, C, D, E, F AND G 

TYPE I! CLASS A AND B 

TYPE Il CLASS A AND B 

TYPE IV CLASS A AND B 

TYPE V CLASS A AND B 


MIL-W-5846A CHROMEL-ALUMEL 
THERMOCOUPLE WIRE AND LEAD WIRE 
TYPE I CLASS A, B, C, D AND E 
TYPE I! CLASS A 
TYPE II! CLASS A 
TYPE IV CLASS A 


| MIL-W-5845A IRON-CONSTANTAN 


THERMOCOUPLE WIRE AND LEAD WIRE 
TYPE I CLASS A, B, C, D, E, F, G, H, | AND J 
TYPE It CLASS A, B AND C 

TYPE 111 CLASS A, B AND C 


” ED IN OUR OWN WIRE MILL, LEWIS THERMOCOUPLE WIRE AND LEWIS HIGH 
WRE ELECTRICAL CABLE ARE BUILT TO MEET AND IN MANY CASES EXCEED, 


THE RIGID SPECIFICATION REQUIREMENTS. 
i. Write for Wire Products Catalog No. 953 


THE LEWIS ENGINEERING CO. 


N AU GATUCK , CONNECTICUT 


on circle 2 on inquiry card. 
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THIS MAY SEEM LIKE A LOT OF 
SCALES FOR ONE INSTRUMENT 


RE 2a a 6 
YF etseaace steve 


The Model INCRE essentially consists of a differen- 
tial instrument of “high comparison accuracy” and 
a stable “high accuracy” reference source. The 
instrument’s actual scale length is 6.3”, but this 
represents only 10% of its total effective scale 
length. Each 10% of its 
full scale range is se- 
lected by an incremental 
switch thereby creating 
a 90 scale suppression 
at all times. Ranges - 
single or multirange from 200 mv. full scale (lowest 
reading .2 mv.) and 200 microamperes full scale 
(lowest reading .2 microamperes). Resolution 
effectively 1,000 scale divisions over a 63” scale 
length. Each scale division has a value of .1%. 
Availability — portable or as a rack-mounted edge- 
wise panel instrument. The SRIC Differential “63” 
Incremeter is a high resolution, phenomenally accu- 
rate measuring device with proven stability because 
it ts an Electrical Indicating Instrument. 
Diamond Pivoted of course! 





Write for additional information on the NEW “INCREMETER.”’ 
-<& 
Ww 
Symbol of 


For more information rcle 3 on inquiry card 
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DIFFERENTIAL SWITCH 


senses pressure differences 
from .45 to 45 inches of water 


Used in hopper level indicating, on oil burner blower safety 
control, in instrumentation or similar applications where it 
is necessary to sense a pressure difference of .45 to 45 inches 
of water between a variable and a reference pressure. The 
reference pressure may be as high as 30 PSI. 





WE BUILD IN 


WE DON’T USE 





EXTREME ACCURACY 


and DEPENDABILITY 


maintained during 
operating life due to 
direct acting design 


LINKAGES & BEARINGS 
which as they wear, 


\ make the setting 


of the pressure switch 
> drift. 





OPERATION 
IN ANY POSITION 


which saves the installation 
costs encountered in mount- 
ing a switch that uses liquid 
switching elements. 


LIQUID SWITCHING 
ELEMENTS 


which make che switch 
difficult to mount and 
very critical to vibration. 





IMMUNITY 
TO VIBRATION 


you can mount the switch 
directly on your vibrating 
of moving equipment. 


2 _ ACCORDION 
> DIAPHRAGMS 


which make the 
pressure switch 
sensitive to vibration. 








PRESSURE SWITCH 
DIVISION 
5125 ALCOA AVENUE e@ 


F format 


To get complete specifications and 
operating data ask for bulletin 227 
and 2273 


arksdale valves 


LOS ANGELES 58 © CALIFORNIA 


ircle 4 on inquiry card. 
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Richard Rimbach, Sr., Pub 
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Fred D. Marton, Manaaginc 
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James Emge, Associate Editor 
James Eden-Kilqour, 
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Raymond C. E. Smith, Ar 


John H. Mcleod, Jr., 


Cour Newsletter Se 


F. Ed Funke. Editor, Jour 
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Armand T. Gaudreau, C 


C. F. Goldcamp, Manager, Research and 


Deveiopment 


David S. Aland, Production Manager 


EXECUTIVE AND EDITORIAL OFFICES 


Pittsburgh 12, Penna., 845 Ridge Ave 
Fairfax (O16! or 19831 


SUBSCRIPTION RATES 


For One, Two, and Three Years 

Two Three 

‘ Years Years 
United States, U. . 

sessions and Canada $ 4.00 $ 7.00 $ 9.00 

(Five Years @ $10.00) 

Latin America . $ 6.00 $10.00 $14.00 

All other countries 10.00 15.00 20.00 


Payments from outside the U.S.A. 
must be in the form of an Inter- 
national Money Order or check on 
a U.S. Bank 


Position and company connection 

Audit Bu. %8 Well as products manufactured 
reau of Cir- must be indicated in all subscrip 
culation tion orders 


MEMBER 





EDITORIAL 


Instrumentation 1958 


STATE-of-the-art survey begins on page 1957 





FEATURE ARTICLES 


Soviet Trends In Computers For Control Of Manufacturing 
Processes, 1960 


PART two of a survey of Soviet computer art 


Terms And Definitions For The Weighing Industry, 1962 


Weight. 1964 
M. H. ARONSON—survey of techniques for weighing 
. : ag os 
Automatic Reader For Precision Balances, 1972 
L. B. MACURDY and H. A. BOWMAN—covers photoelectric device 
developed by NBS 


Weighing Fast Freight, 1975 
JOHN F. LAFONTAINE—computing weight by time 
high-speed digital data averaging 


gating and 


Batch Weighing With Load Cells. 1976 
GEORGE BERMAN—load cells plus controller equals automatic 
batch-weighing 


Weighing While Conveying. 1978 
ROBERT 0. BRADLEY—advantages include savings in space and 
cost for hoppers and feeding equipment 


Electro1ydraulie Actuator, 1979 
ADDITION to articles on response of combination valve actuators 


Manometric Pressure Measurement. 1980 


R. J. CARTIER—a technique for precision pressure measurement 
by adjustment of well diameter 


Electronic Density Probe, 1983 
WILLIAM G. BURT, JR.—plummet senses density by Archimedes 
principle plus electronic instrumentation 


Bulk Material Programming. 1985 
INGRAM H. RICHARDSON—automatic bulk-material weighing can 
be justified by improved quality control 

Electronic Cireuitry, 1987 
CHARLES F. KEZER and MILTON H. ARONSON—two more basic 


circuits 


Continued on page 1906 


THE MAGAZINE OF INSTRUMENTATION AND AUTOMATIC CONTROL SINCE JANUARY 1928 
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*ON HOKE'S VERSATILE, NEW 
GENERAL PURPOSE VALVE 


+ Diecast Aluminum 
Handle 


+ Centerless 
Ground Stem 
« GUARANTEED 
Leak-Proof 
O-ring Seal 


+ Safe, Integral 
Bonnet 


si 
io 


+ Rugged, Forged 

C Steel 

30dy in Globe or 
gie Patterns 


comm (((((1( (1 


Can be supplied for panel mounting. 


SERIES 100 
FORGED NEEDLE VALVES 


Use these versatile, full-flow Series 100 valves for 
throttling, regulating, or shut-off. Use them for ap- 
plications where temperatures range as low as 
-40° or as high as 200° F. They’re compact in size 
and available in a selection of male and female 
connections. Guaranteed against stem leakage! 


Write for complete information and FREE sample 
valve on your company letterhead. 


OKE 
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HOKE 
INCORPORATED 


Fiuld Control Specialists 
31 PIERMONT ROAD, CRESSKILL, N. J. 


INSTRUMENTS 
and 


AUTOMATION 


VOL. 31, NO. 12 DECEMBER, 1958 


mm page 1905 


The Journal of 
THE SOUTHERN CALIFORNIA METER ASSOCIATION 
Huntington Beach Steam Station. 1988 


4. L. GUIDERO-— this new station represents 


Southern California Ediso 


firsts” for the 
pany 
THE SIMULATION COUNCIL NEWSLETTER 
Bits. 199] 


Program of the Midwestern Simulation Couneil. 
1922 





OTHER REGULAR FEATURES 





INSTRUMENTS PUBLISHING COMPANY, 
publishers to the Instruments and Automation 
industry with three publications: 


INSTRUMENTS AND AUTOMATION 
INSTRUMENT & APPARATUS NEWS 
MILITARY SYSTEMS DESIGN 


DISTRICT OFFICES 
Boston 16 Mass., tiar 
Chicago 6, Ill 
Cleveland (Shaker Heights 22), Ohio, Ma 
Wyoming 1-7145 
Dallas, Texas, H. N 
Kansas City 6, Missouri 
Los Angeles 34, Calif 
New York 17, N. Y., R 
Murray 2 Non 


Philadelphia, Pa., W 
St. Louis |, Mo., 


London, W. C. 2 England, 


40 





struments and Automation including Instrument Manufacturing) 
published monthly by The Instruments Publishing Company, Inc. Office 
f publications, 1600 North Main Street, Pontiac, Illinois. Executive 
and Editorial Office, 845 Ridge Avenue, Pittsburgh 12, Pennsylvania. 
Second Class mai] authorized at Pontiac, [llinois. Copyright 1958 by 
Instruments Publishing Company, Ine 





SANBORN 


NEW! 


pLeTE 
COM CEME 


Transducers 


FOR LINEAR MEASUREMENTS... 


NE me 
DISPLACEMENT 


LINEARSYN Differential Transformers 


Six series of Sanborn Linearsyns three 

of the shielded type, three unshielded 

are available, with five models in each Typical Linearsyn Characteristics 
series. Linearity is better than 1% of full a, 
scale output in all models. Temperature Nagaiasa 
range is from — 50° to 205 F. per volt of 
Special design features include coil assem- Bet Ragaeee Caan ae 
blies hermetically sealed in epoxy, lami- ae ee 
nated phenolic jackets (unshielded types) 9 ) 

or heavy plated steel jackets (shielded 59001 950 5-100 400 cps - 20 ke 

types), improved lead wire strain relief, aes Meet eeerete ee eee 
high permeability alloy cores. Models with 

axial leads are also available on special 

order. Within each series all models have 

identical diameters, tap sizes, lead wires; 

only the lengths of coil assemblies and 

cores vary. 








VELOCITY 


LVsyn Velocity Transducers 


LVsyn pickups may be used to measure 
linear velocity directly, displacement with a 
simple integrating circuit, or aece leration 
with a differentiating circuit. There are 
twenty-four models, all self-generating Typical LVsyn Characteristics 
with shielded cylindrical coil assemblies > Dleoicceeant Elacttiont Charactaciaties 
and high coercive force permanent mag mini mum Voltage Totel Impedance: 
nets. Twelve models use regular magnet Range St my inch = Rphms. Lhenrys 
cores; twelve have non-breakahble magnet os 
cores. Characteristics of the two groups 
are the same except for output sensitivity, 4 3 
core length and weight. Features include a a ee yan ee aad demain 
high sensitivity, single-ended or push-pull mum, approximate mid range and maximum working 
output, accurate and stable calibration, lac reegneh core’ muadeh {GLV2N ond & Rom breakable eaened 
unlimited resolution, wide range of sensi- i‘ 
tivities and sizes, temperature range of 

50° to 200 F. They can be immersed in 
hydraulic fluid. No mechanical connec 
tion between coil and core permits low 
friction level. End stops or displacement 
limits not needed; undamaged if limits 
are extended. 





for MULTI-CHANNEL RECORDING y 


Sanborn direct writing systems now include ]- to 8-channel ‘'150” Series, with a choice of 
12 plug-in Preamplifiers; new single-cabinet, compact 6- and 8-channel “350” and ‘'850°’ 
Series with interchangeable Preamplifiers, flush-front recorder with electrical pushbutton 
chart speed control and transistorized Power Amplifiers, and numerous features for high 
reliability and operating convenience. 

For complete facts, call your local Sanborn Industrial Sales-Engineering Representative or 


write the Industrial Division in Waltham. 
(All data subject to change without notice) 


SANBORN COMPANY 


Industrial Division 
175 Wyman Street, Waltham S54, Mass. 
6 
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MODEL 1295 


DIRECT READING 


Gaussmeter 


measures 
laat-\olal-sireomilep ¢ 
density 

PNeteatl 7 wa = & 4 


This stable, all transistorized Gaussmeter operates on the Hall 
effect and provides a conservative accuracy of +3 over nine 
full-scale ranges: 0-100, 200, 500, 1 K, 2 K, 5 K, 10 K, 20 K 
and 20 K + gausses, using a single probe. Two standard 


Alnico V 


€ 


reference magnets having 39/,[ accuracy are sup- 


plied. Unit is housed in an aluminum case, weighs 12 Ibs. and 
operates from 115-volt, 50-400 cps line. Price $420. 


MODEL 889A 


STANDARD MAGNETS 


we CAN 
HELP 
YOU 


gnet chorg- 
e is yours 
—send for 

data sheets. 


Magnetreater 


Model 889A de-magnetizes saturated magnets 
to any desired level of flux. Provides a pre- 
cisely controlled method for rapidly treating 
permanent magnets, including the new core- 
type instrument mechanisms. Used with 
Model 206A. Booster Unit or Model 107A 
Magnet Charger. Over-all size is 8” x 10” x 
7”. Weight 24 Ibs. Price $163. 


Standard Magnets 


Laboratory standard fixed gap reference mag- 
nets having flux densities from 100 to as high 
as 20,000 gausses are now available. These 
units are fully stabilized magnetically, mech- 
anically and thermally and are used to cali- 
brate fluxmeters and gaussmeters for engi- 
neering or production testing. Certification 
supplied for each magnet. 


Performance of al! models is rigidly gvaran- 
teed. Prices are net f.0.b. Boonton, N.J. and 
subject to change without notice. 


Radio Frequency 


LABORATORIES, nee 
Boonton, New Jersey, U.S.A. 


nformation circle 7 on inqui 
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to the editor 


Editor, ISA: 


Your November issue on Math 
Tools covered many simple and basic 
devices and performed a needed sery- 
ice. One more should have been 
mentioned, however. The Shaft Posi 
tion Encoder shown here is also a 
basic and simple math tool because 
the code can convert any dial position 
(which may be a number or a posi 
tion of a shaft) into a sine. a cosine, 
a log of a cosine. ete. 


at 

One application of the Datex Shaft 
Position Eneoder is in the generation 
of mathematical functions for use in 
special-purpose analog or digital com 
puters. For example. a radar measures 
the position of a target in terms of 
elevation, azimuth. and slant range. 
Po compute the height of the target it 
is necessary to multiply the slant 
range by the cosine of the elevation 
angle. An encoder attached to the 
elevation shaft of the antenna can 
produce a number indicating the co- 
sine of the angle or the log of the co- 
sine of the angle. An encoder attached 
to the range shaft can generate a 
number indicating range or the log 
of the range. 

If a digital multiplier is available 
the numbers representing the cosine 
and the range may be multiplied. If 
the computer is not available the log 
of the cosine or elevation angle can 
be added automatically on a simple 
business type adding machine and a 
third encoder can be used to generate 
the number whose logarithm is equal 
to the sum computed by the adding 
machine. The shaft position of the 
third encoder will indicate the height 
of the target. 

In a simple application. an encoder 
can be substituted as a simple look- 
up table as an aid in mathemati 
computation, For example. the opera- 
tor may choose a dial by hand, indi. 
cating some known value. The en- 
coder will operate a light bank which 
can indicate the sine, cosine. or some 
trigonometric function of the dial 
setting or can indicate the logarithm 





of the number set in on the dial or 
may be completely arbitrary as, for 
example, the relationship between the 
moisture content of coal supplied to 
a furnace and the optimum operating 
point of the furnace. 

Carl P. Spaulding. Pres 

Datex ¢ orp. 

Vonrovia, Calif. 


This does indeed qualify the En- 
coder as a ‘Basic Math Tool." 


kditor. 1& 4: 


Phis acknowledges receipt of the 
book Digital Techniques for Compu- 
tation and Control. The volume prom 
ises some interesting reading for days 
to come! The presence of Mr. Aron 
son's name among the authors inter 
ests me as | have found other of his 
works most 
mation and reference. 

Allow me also to express continued 
satisfaction with my monthly 
of Instruments and Automation. | 
frequently find it of real value. 


useful sources of infor 


( Opy 


Raymond Branton 
Calgary. Alberta 


kiditor. I\ {: 


Referring to the article “Derivative 
via Integration” 
1958 issue. is there an error 


in the September 
in the 
diagram? The circuit as shown has 
positive feed-back and it appears that 
a sign changer (inverter) is needed 
in the feedback path of the high gain 
amplifier as shown. 

James VanArtsdalen 

Boeing Airplane Co. 

Wichita, Kansas 

There is (see page 1753 of Novem- 

ber issue and letter below). You ana- 
log men are on your toes! 


Fditor, I&A: 
Regarding the article by Mr. Max 


Fogiel on “Analog Differentiation by 
Use of an Integrator”. 1o20; 
Instruments and futomation for sep 
1958: 


The circuit shown is not practical 


page 
tember, 


because it is regenerative. In actual 
use it is necessary to interpose a sign 
changer (gain of —1 amplifier) be- 
tween the integrator and the high- 
vain amplifier input. The proper cir- 
cuit is shown in the figure: 


\ useful extension of this circuit 
occurs if the feedback gain is other 
than unity. The following analysis 


RAMBLINGS ON 
INSTRUMENTATION 


Th A Iysterious Cast 
(It's-a-Small-World Division) 


(Mr. Sprague and heard have recently returned 
the U.S.S.R. with the 
Automatic Control Delegation. Herewith, some 


from a visit to 


J | 
ramblings from the borscht circuit.) 


Subway reading, 
Moscow style 


The other day, when a group of us 
were on the way to the Hotel Ukraine 
via the Moscow subway, we ran into a 
serious type pouring over a volume ‘midst 
the swaying bodies. Intrigued by his con- 
centration, we asked through our inter- 
preter, what he was reading. The reply: 
a book on Automatic Control and Cyber- 
netics. Knowing that no one would be- 
lieve us, we snapped the above photo. 

Seriously, this incident symbolizes the 
intentness with which the Soviet appears 
to be focusing on the theory and applica- 
tion of instrumentation and control de- 
vices. It was my impression that their 
technology 1s moving rapidly and is not 
a “house of cards’’; rather it is soundly 
based on rigorous training in theory and 
application, as well as continuing em- 
phasis on the fundamental standards which 
are the cornerstone of all science. 

While ours was but a fleeting Cand 
Soviet-selected)) glance at an enormous 
country, I got the impression that—bor- 
rowing heavily from German and Ameri- 
can designs—the Russians have built an 


THE HAYS CORPORATION - 


instrument and control industry which, 
with a few old Lend Lease exceptions, is 
supplying their plant requirements. 

It would appear that the focus will 
continue to be on producing relatively 
standard instruments in large quantities 
to meet the tremendous demand created 
by their S-year plans for rapid indus- 
trialization of the country. We were told 
that they anticipate the instrument and 
control industry to increase 2.8 times be- 
tween 1956 and 1960. 

But we got more than a hint of their 
relativ ely new interest in foreign markets. 
China, Czechoslovakia, India, Argentina 
and 26 other countries were mentioned. 
Using their hole cards of, (a) concentrat- 
ing large volume production of a single 
item in a single plant and, therefore, 
achieving rapidly decreasing costs and, 
(b) arbitrary manipulation of their ex- 
change rates, the U.S.S.R. can be ex- 
pected to be a rugged competitor on the 
international automation scene very soon. 

Should we shudder ? No, but I do think 
we should supplement the drive or mo- 
tivation (which has become rather jaded 
of late) toward conspicuous consumption 
of washers, dryers, TV sets, et al, with 
a more individual concern for the care and 
feeding of our human resources. Let’s face 
it—this is a Brains Battle and we can 
work out solutions for the development— 
our way—of our people of talent only if 
we realize it is necessary. 

And, on the international competition 
issue, let's do more of what comes natur- 
ally; i.e. continually obsoleting products 
by innovation and improvement . . . con- 
stantly posing ‘‘this model is better’ 
choices for customers here and abroad, as 
(commercial plug) we are trying to do 
here at Hays with, for example, this year’s 
new products: the Universal Recorder, the 
new 245 flow transmitter, the 913 BTU 
Recorder and a new approach to gas sam- 
pling systems. So let’s over-estimate the 
competition and rediscover our greatness. 


WWyd.. 


MICHIGAN CITY 8, INDIANA 


nation circle 8 on inquiry card 
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NEW £43 4>2 £& ELECTRONIC RESET TIMER 
SPANS RANGE FROM .1 TO 10 SECONDS 


¢ « « COMPENSATED CIRCUIT MAINTAINS HIGH ACCURACY 





ELECTROFLEX 


Eagle’s new Reset Timer em- 
ploys only two moving parts 
(relay armatures), achieving 
precise short-interval timing 
through a dual range elec- 
tronic circuit. Timing ac- 
curacy is maintained within 
2% through line voltage 
variations from 90 to 130v. 
ambient temperature changes of 52°F. to L40°F., electronic tube 


replacements, and vibration up to 3g. 


SUGGESTS NEW CONTROL IDEAS 
Electroflex Dial, with precision wound potentiometer, may be mounted 
at the push button station with the mechanism located at a spot more 


convenient to wiring, installation. 


PULSER 


Pulsing with adjustable dwell is easily effected. Periodic output pulses 
may be continuously repeated with the OFF period adjustable on 
the dial. Pulse length (or reset time) is .050 seconds. OFF time is 


adjustable to 10 seconds. 


COMPANION EQUIPMENT 


The Electroflex Timer, the Eagle Micro- 
flex Timer, synchronous motor driven 
for longer time intervals, and the 
Microflex Counter, (shown) all share 
the same large 4” dial, mounting di- 
mensions, accessories and selection of 
enclosures to provide uniform appear- 


ance, simplify installations, 


Send for new Eagle Bulletin 150. Simply write to Eagle Signal 


Corporation, Industrial Timers Division, Moline, Illinois, Dept. 
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then applies: 

Let the non-feedback amplifier gain 
hres \. 

Let the over-all feedback gain be 
Bb. where (OcB x). Then. using 
the derivative operator “FP. ‘we ob 
tain: 

"ies \y \Be |? 
t AB/P \x 


t Ps 


Allowing “A to increase without 
limit. we obtain the limit of-e, as A 


ipproaches infinity 


Lin t 
\ 
which is the desired relationship. 
This circuit has been tried and is 
everysthing which Mr. Feogiel has 
claimed 


DW. Croce hett 

Computer Operations Group 
Boxy 50-85 

Boeing Airplane Co 


Seattle. Wash 


kditor 1A& ! 


Thank vou for the Handbook of 
Veasurement and Control. This 
handbook has a wealth of commen 
sense information that is not) being 
fully used in the aireraft and missile 
industries. 

] intend to make maximum t 
iin my committee work, 


L. A. Holcomb. Chatrman 
SCV A Instrumentation Commit 
Convair 

Pomona Caltt 


hiditor. IA 


I omiust express inv regrets at the 
passing of your associate. Major 
Behar. | did not always agree with 
his ideas. but | alwavs admired him 
as an authentic character one of 
those who make the instrumentation 
this word) industry so mueh fun 


Karl We. Peterson 
Trumbull. Conn, 


Major Behar would have been 
thrilled to hear this acknowledgement 
of his invention of the word "instru- 
mentation." It was one of his proud- 
est achievements. 


Fditor. 1&A: 


I thought you might be interested 
to know of the reaction to my solder- 
ing article in the July issue of /&A. 
Attached is a letter requesting twelve 
copies of the article. Many others 








CUSTOMER PROBLEM: 
Require test rig for measuring full scale air- 
craft turbine bearings. Test rig must simulate 
actual operating conditions. 


SOLUTION: 

N D engineering, in cooperation with cus- 
tomer under the direction of a defense agency, 
developed the aircraft turbine bearing testing 
equipment shown above. The Test Rig Control 
Console, shown on the left, initiates and con- 
trols tests, and completely records all operating 
performance characteristics. The test stand 
itself, above right, simulates the actual condi- 





DIVISION OF GENERAL 





MOTORS, 


NOTHING FOLLS 4/ME A BALL 






CASE 1157" ORTES 





eae 


A 
a>, \ 
Pe 
as 4 


Research Labs Keeo Pace With Giant 
Stride Of Americas Arr Industry / 





tions to which the bearings are subjected in 
flight. It develops radial loads of up to 25,000 


lbs... . and thrust loads reaching a maximum 
75,000 lbs. Bearings up to 110mm bore are 
tested at speeds as high as 20,000 r.p.m., in 
temperatures ranging up to 1200° F. Research 
facilities such as this are your assurance that 
New Departure stands ready to work closely 
with you on your bearing research problems. 
For information on New Departure precision 
Aircraft and Instrument ball bearings, or re- 
search facilities, call the New Departure Sales 
Engineer in your area or write Dept. I-12. 








Smeg, 
ns 





4 





BRISTOL, CONN. 





10 


December 1958— Instruments & Automation 

















Page 1911 


The Temperature Control Designed for Fast 
“Do IT YOURSELF” MAINTENANCE 
Right on the Job! 


Rugged simplicity of design-—along — icate levers, hairsy 


with the direct, positive power of — accessories that har 


mercurv-actuation combine to break down at the first trace of 
give Partlow maintenance and per- or jostle. Partlow controls are 
formance advantages no other tvpe mous for their unfailingly 

ae ee 


of temperature control can hope to verformance even und 
t I : 
equal 
Simplicity in the Partlow. for one ern 
mea that the contr = 
neans that the c equipment witl 
an De changed at fi tte | range, there's a Partlow 
inama -r Of minutes with no other matic lectric ot ! PD rd 
i ‘ u ia ( tile ALK 
a ees ee 
too! than a screwdriver Down control recording, indicating ol 
time’ ‘iscut roanabsolute minimum nOn-iaiontns it vour appli 


And simplicity in the Partlow cation precesely. For details, write 
also means the complete climina- The Partlow Corp., New Harttord 
tion of fussy electronic gadgets, del New York. Dept. TA-125§ 











You can pay more but you can't buy better than 


PAR TLOV 


TEMPERATURE CONTROLS 
Far more information n 
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LETTERS —continuep Suey, Chomiso 


wrote to me for reprints. Addition- 
ally. the EIA has requested that I should have one at o «ecm 


present a paper at the December svm- ay. 
Do not waste costly man hours waiting for or 


walking to a balance. For only $29.50 you can 
‘have each chemist or weighing station 

, f i d with a fast, accurate 

the request. Local engineering firms psig Mita . 

hy > also CO < ed » for additions ; 

arm ! . — ( sai r additi = y SENSITIVITY .01 gram (1 Centigram) 
information, This confirms my opin- CAPACITY 311 Gram 

ion that /&4 is tops in reader cover 


ape 


posium on soldered connection reli- 
ability. This was also a direct result 
of the article. which was referenced in 


{lein B. Kaufman 
Los Angeles. ( alif 


kditor. I& 4: 

Mav | extend to you my. sincere 
thanks for your cooperation and help 
in locating for me a manufacturer 
of a latching type solenoid valve. 
Through the response to the article 
in vour publication | have succeeded 
in locating a manufacturer of this 
unusual type of valve. 

Our staff continues to find Instru- 
ments and Automation an enlighten- 


ing and useful publication. a MODEL C.G. 311 
Poe TRIPLE BEAM BALANCE 
John 7. i alser 


North American ] et tC 
Weather Consultants for complete 7 Pad 


Goleta, Calif. information write for 
iS 67.0 tl O10) - 3 10). 0. W EOP 


FREE bulletin 
CE bullen 1050 COMMERCE AVE 
UNION, NEW JERSEY 


Reader Inquiries 


For more information circle 12 on inquiry card 





Pressure Scanner 


Swedish importer of instruments | 
requests bids on pressure scanners. 


») 


2 
=>) 


CO. Controller | TUBELESS, MULTI-LOAD 


Engineer in Argentine Department 


of Industry wishes to receive bids on 
“transducers capable of converting Improved Model JS Series GARDSMAN 


CO. percent into pneumatic 3-15 psi Stepless Controllers by WEST. One 
A-353 Instrument Handles a Range of Wottage 
Requirements. 


signals.” 


Chrome! /Alumel 
Thermocouples 
Engineer in Portugal wishes to 
learn the exact composition of 
Chromel and Alumel as used in stand- 
ard thermocouples. A-35 


Barometric Pickup 
Humidity Indicator 
College Department Head seeks in- 
formation on a_ barometric pickup; 
also on a humidity indicator for % Closest Control * Manual Reset 
weather prediction. A-355 i 
% Save power %* Simplest Operation — 
Distillation Equipment One Knob 
E ‘ : a a — D; % Prolong Heater Life 
ixporter seeks Lemongrass is- imponane 
tillation Equipment for an approxi- % Adjustable Band * Least Ma nance 
mate capacity of 50 kilograms (110 : 
Ib), A-356 
. ie . Without tubes or relays, this unique 
I recision Micrometer instrument modulates input to suit de- W 5 s T / 4, Zz 
Advertising agency seeks parties mand. Proved in wide use. Write for i MITE T/A 
interested in high-precision microm- Bulletin JS. CORPORATION 
eter mechanism with an overall ac- 
curacy of five millionths of an inch. 4355 W. Montrose Ave. 


Has operating range of one or two 
inches and four-inch barrel. A -357 Chicago 41, Illinois 


CHICRGO 
SALES OFFICES IN PRINCIPAL CITIES 


For more information circle 13 on inquiry card. 
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Whether you postform laminated plastic (the machine here 
is heating a seamless phenolic plastic counter top), or rely 
on temperature indicating controllers for any of a thousand 
other reasons, Fenwal's 541 is the easiest to operate! 

The 541 has a host of long life features — corrosion proof 
316 stainless steel, swivel mounted capillaries and bulbs . . . 
splash and dust proof housing. Self-compensating wear means 
continued accuracy with minimum maintenance. All com- 


ponents are accessible, easy to adjust. [f’s simple and reliable: 


’ 


- With ranges from 150° to +700°F., the 541 can ac- 
BE does 1t curately control one, two, or four circuits. Choose from sev- 
asy eral bulb and capillary styles, four basic models, variety of 
housing colors hundreds of combinations to solve your 
: . temperature control problem. /f's versatile! 

when you postfo ri plastic Find out more about this Fenwal temperature indicating 
controller that is virtually custom-designed for you. Write to 

Fenwal Incorporated,3612 Pleasant Street, Ashland, Ma 


with th e h elp of chusetts, and ask for a catalog or a sales engineer. 


a Fenwal 541 Temperature Indicating Controller 


choand one control pointe 


meet NEMA and JIC specitic 


CONTROLS TEMPERATURE ..;,. PRECISELY 
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Transfer suspension to feeding 


ham 


Chdino 


Transfer to first centrifuge and run 
for precalculated time, then remove 


Read sediment height under gravity 


® in projector at precalculated times 


+ 


er. 


e and read in projector. 


e trifuge tube. 


# run is complete. 


Transfer feeding chamber to cen 


Remove feeding chamber, leaving 
sharp layer of suspension on top 


e of sedimentation liquid. 


Repeat centrifuging in same unit 
or in higher speed centrifuges until 


Size distribution is obtained from 
e sediment height data. 


New Low-Cost Way to Measure Size Distribution of Small Particles 


With the new M-S-A® Particle Size Ana- 
lyzer, you can start with a minimum invest- 
ment for measuring particle distribution, 


and then expand it by the purchase of 


additional components. 

This versatile analyzer is a general- 
purpose device for measuring size distri- 
bution of small particles. It is especially 
designed for measurement of subsieve par- 


ticles between approximately 0.1 and 40 
microns. Most airborne dusts, paint pig- 
ments, and many flours, chemicals, and 
pharmaceuticals lie within this range. 
Complete analyzer system includes cen- 
trifuge tubes, feeding chamber, optical tube 
projector, one or more special centrifuges, 
and tube handling and cleaning accesso- 
Write for new bulletin for details. 


SVAN 


ries, 


~ara,. 


Tube Projector Centrifuges 


INSTRUMENT DIVISION 


Mine Safety Appliances Company 
Pittsburgh 8, Pennsyivania 
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W! | 
ON '-paK 


SELF-CONTAINED, 
CONSTANT CURRENT SOURCE! 


@ the first high-precision constant current source 
for industrial potentiometers! 


eliminates many conventional components — 
and their maintenance! 


provides stable current supply within .05°% accuracy 
— five times greater than the .25% accuracy of 
industrial potentiometers themselves! 


compensates fully for supply voltage variations 
down to .001% per volt! 


provides full-time accuracy; does away with 
interruptions in measurement for standardization! 


functions indefinitely; is not significantly affected 
by changes in ambient temperature! 


The D-PAK makes use of refinements in semi- 

conductor techniques which have brought under 

control the Zener or “avalanche” effect for volt- 

age regulation. The circuitry is all solid state. ... hettevios . . ctandantcells... 
there are no vacuum tubes, no moving mechan- 
ical parts. Available for use in a number of 
Daystrom-Weston instruments. 

For further information about the D-PAK or 
the instrument in which it is used, contact your 
local Weston representative, or write to Weston 
Instruments, Division of Daystrom, Inc., Newark 
12, N. J. In Canada; Daystrom Ltd., 840 Cale- 
donia Rd., Toronto 10, Ont. Export: Daystrom 
Int’l., 100 Empire St., Newark 12, N. J. 


standardizing mechanisms 


DAYSTROM-WESTON 
nds al hitiumetiae 
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Data storage and retrieval is 
growing new field. International 
Conference on Scientific Informa- 
tion (Washington, D. C., Nov. 16- 
21) has international signif- 
icance. 





British Flack Committee White Paper on evaluation of the Windscale 
piles, including accidental release of Wigner energy, recommends "sub- 
stantial increase in the number of instruments .. . particularly for 
the purpose of measuring the temperature in the graphite and fuel. 
Apparatus for the detection of fuel element failures must be available 
at all times." 
Transistor trends: In 1957, 40 semiconductor makers sold more than 
50 million units for more than $70 million, reports M. Shepherd, 
Jr., of TI, who predicts that market will exceed 500 million units 
in 1965. Dr. Teal of TI predicts that transistor sales in 1960 
will reach $250 million. 
Technical house organ trend: Discontinued publication of one of nation's 
top house organs (GE REVIEW) shows that even large companies are watch- 
ing efficiency of expenditures. Large number of technical trade publi- 
cations has reduced impact of house organs, causing management to take 
much-needed look at (1) returns (sales leads) for advertising dollar 
spent, including house organ, and (2) quality of journal as established 
by customer surveys (not opinion of agency or company engineer). 
Air passengers will number 55 million in 1960; 70 million in 1970, 
forecasts CAA. 
Capital outlays by manufacturer should climb from a rate of $9.5 bil- 
lion in the third quarter of this year to $13.5 billion by the second 
quarter of 1961, predicts Fortune magazine. The energy industries—oil, 
gas, coal, electric utilities—should increase their spending from a 
low of about $11 billion last spring to $14.5 billion by the middle of 
1961. Their previous peak rate was $13 billion in the third quarter of 
1957. Such capital outlays would expand instrument market. 
Computer installations that "fell short of hopes" are reported by 
J. Diebold to be 33% for large-scale computers, 44% for medium- 
scale computers, and 54% for small-scale computers. 















































The CHATILLON Running Torque Tester & Dynamometer is the 
FASTEST wi 
MOST ACCURATE 
MOST ECONOMICAL way 


to test fractional H.P. motors! 





NOW available with a decade counter tachometer system 
for accuracy to 1%. of actual speed, plus 1 count 


OUTSTANDING FEATURES: : be 
¢ Torque Capacities range from e Tachometer Accuracy: a Model 210CY 
1 oz. in. to 24 Ib. ft tf wit t ' Deter 
k ] i 7-Gale) 
e Speed Range up to 50,000 RPM Get iy Ain WRITE FOR DEMONS ON 
e Power Dissipation varies f { { ter tact ter ' WRITE FOR ILLUSTRATED BROCHURE 





13 HP to 4 HE e Temperature Compensated Springs Dept. A 


JOHN CHATILLON & SONS 
66 CLIFF STREET, NEW YORK 36, N.Y. 


e Automatic Overload Protection 


For more information circle 131 on inquiry card. 
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NEW American 


GASCLOK Power Drive 
constant high power + uniquely accurate 


American’s new GASCLOK is a completely 
self-contained air or gas powered instrument 
drive and timing unit. Supplying a constant 
power output of over 20 times the torque 
delivered by conventional spring-wound clock 
mechanisms, it is ideally suited as either original 
or replacement equipment where continuous 
power and accurate timing are essential. 


Perfect for all circular or strip chart records 

from one-hour to 30-day periods. Constant 

power and timing accuracy are assured 

since there is no “‘mainspring”’ to weaken 

or run down. Rugged durability and dependability 
are built into the GASCLOK Power Drive 

for years of service with minimum 

maintenance. It can provide new metering 
accuracies and economies for you. 


ts & Automation—Vol. 3] 





ent driving and timing 
9 + air or gas operated 


The versatile GASCLOK Power Drive is designed and 
field-tested for long trouble-free operation in remote location 
installations with all makes and types of recording instruments. 
The high-torque, continuous drive provides power for: 
Integrating Orifice Meters—Gas Lift Meters— Pressure Recorders 
Strip Chart Recorders—Telecounter Units — Field Program Timers 
and many other instrument applications for accurate, 

automatic operation. 


ws 


To 


TANT OES SESE 
“Qh Va »- ‘ 


e@ Self-starting mechanism completely self-contained—requires no 
winding or ‘‘priming’’ of power unit. 

e Gas or air consumption only 5 cfh—normal operating pressure 
5 psi—rotation 2 rpm. 

e Timing escapement spring rewound every 5 seconds—eliminates 
fluctuating torque. 
Accuracy of timing unaffected by wide fluctuations in supply 
pressure. 
Timing mechanism internally sealed to prevent corrosion and clog- 
ging—all power unit parts exposed to gas are aluminum or stainless 
steel. 
Inherently explosion-proof. 
Large area internal ports to prevent plugging. All internal ports 
easily cleaned. 
Installation in any position—variety of mounting brackets available. 


PKS 


N 
y, 
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AMERICAN (%@ 


INCORPORATED ESTABLISHED 1836 7 
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Computers will Think Faster 
PHILADELPHIA. PA.——A magnetic device the size 


of a pin. developed by the National Cash Register Com- 
pany s Electronics Division. promises to increase the 
“thinking” 


20) times. 


speed of future electronic computers to 


™“™————— MAGNE TIC MATERIAL 
———-——— CONDUC TOR 
GLASS ROD 


] ~" 


The device. a vlass rod. O.O15 
netic coating and small windings of wire around the rod. 


in dia. with a mag 


serves as both a switching and information storage 
element. Top speed of the device is vet unknown. How 
ever. research models have exhibited switching speeds as 
fast as 4 millimicroseconds. The rod element can be used 
both in) word-ordered and = coincident-current) memory 
circuits. Only 0.020 of a watt is required to store a “bit” 
of information on the rod. A rod-memory svstem the size 
of a cigarette pack could store 8000 bits of information. 





Alfred A. Markson 


Alfred A. Markson, assistant vice president of Hagan 
Chemicals and Controls. Inc., died November 23. 1958. 
He was 54 years old. A 1924 engineering graduate of 

Rensselear Polytechnic Insti- 
tute, he had been with Hagan 
as a consulting engineer 
since 1942. In 1955 he was 
appointed assistant vice 
president. 

Mr. Markson was the au- 
thor of many technical 
papers, a recent one being 
“Iatroduction to Reactor 
Physies” in April 1958 /&A. 
He had recently specialized 
in studies dealing with nucle- 
onics. Before the advent of 
nucleonics he had been in- 

fluential in the development of steam generating equip- 
ment, having been a research engineer at Consolidated 
Edison Electric Co. from 1936 to 1942 and a steam sta- 
tion design engineer at the New York Steam Corporation 
from 1924 to 1936. 

A registered professional engineer in Pennsylvania and 
New York, Mr. Markson was active in the ASME and 
the ISA. Al Markson’s death means the loss of a fine. 
kind and capable gentleman to our industry and our 
nation. 
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Automatic Soap-Batching 
System in Synthetic Rubber 
Production 
PHILADELPUIA, PA.—dx te weeklies of -ced 


rubber at the Phillips Chemical Company copolymer 
plant. Borger, Texas. automatic control of the concentra- 
tion of a soap solution was achieved by consistent weigh- 
ing to an accuracy of © 0.107. The system uses Baldwin- 
Lima-Hamilton SR-4 load cells and allied control equip- 
ment. The reaction that produces the rubber oceurs in an 
emulsion formed by agitating the two monomers in a 
solution of water and soap. 


The operation of the B-L-H automatic sequence con- 
troller is composed of eleven phases. All of these phases 
are accomplished in a single mixing tank that is supported 
by four B-L-H SR-4 load cells. The operation is regu- 
lated and recorded by a B-L-H batch controller contained 
in a console located 50 feet from the operation. A con- 
tinuous strip recorder in the console charts all weights 
and time periods in the process. A unique feature of 
the system is that the controller re-zeroes itself prior to 
each addition of a new ingredient. 

At the end of each phase a deviation recorder tells the 
operator whether the ingredient added was over or under 
weight. The operator can correct these deviations by plae- 
ing the sequence controller in manual operation and add- 
ing the necessary ingredients semi-automatically, 


Philadelphia’s Water System 
Gets Electronic Load-Control 
Center 


SYRACUSE, N. ¥.—Microwave engineers of the 
General Electric Communication Products Department 
are working on final plans for a unique electronic push- 
button control system for the Philadelphia Water Depart- 
ment. 

The $432.000 contract provides for eight stations which 
will furnish the communications link permitting the load 
control center to collect information from 92 points in the 
city where measurements are made on reservoir levels, 








EDISON OMNIGUARD 


°EBOD 
, BO 
Tt HOR 


Ge 
EDISON % ee ESET 





Printed circuit construction ~ Model 310 Edison Omniguard with Model 311 Indicator — 
increases dependability a single indicator can read any number of temperature points. 


THOMAS A. 


EDISON 


new model 310 omniguard 
temperature monitor... 
unmatched for versatility 


Highest quality oN : 

components, with no ce ; The new Model 310 Edison Omniguard provides the simplest, most de- 

moving parts, ossure a . - e i ‘ PF ial sca ae 

Guinan, tes enenealen Bs S pendable temperature detection system yet devised... for both small and 
large installations. 


The Omniguard system is reliable... flexible...economical. You order only 
the plug-in units needed, add new units as your monitoring needs expand. 


Check these features of the new Edison Omniguard: 


1. VERSATILE: One instrument can be used for both normally open and 
normally closed annunciator...for alarm or for shutdown of equipment. 


2. FLEXIBLE: Quick, inexpensive system changes and additions . . . easy 
tie-in with any type annunciators or cut-off switches 


3. DEPENDABLE: Rugged design with highest quality components, no 
fragile moving parts. 


4. SIMPLE: Single indicator reads any number of temperatures, needs no 
periodic adjustment. With a minute's briefing, azyone can operate the simple 
Easy access to all components permits quick temperature | Omniguard monitoring system. 


settings and monitoring system changes ~- at any time. ; q : : 
S. LOW COST: Plug-in units can be custom-tailored to your exact require- 


ments . . . order additional units only when needed. 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 


24 LAKESIDE AVENUE, WEST ORANGE, N. J. 


EDISON FACTORY OFFICES ARE LOCATED IN: EVANSTON. ILLINOIS; DALLAS. TEXAS; DAYTON, OHIO: SHERMAN OAKS, CALIFORNIA 
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Proven 


ABSOLUTE PRESSURE 





CONTROLS 


TYPE 
J20 


PRESSURE 
‘CONTROL 


Seid 





sect Hit 


by 


“UNITED ELECTRIC 


The Type J20 Absolute Pressure Control with 


its spring loaded, completely evacuated bellows pro- 
vides positive switching .. . 
pressure variations . . 


. independent of atmospheric 


pressures and temperatures. 


Pressure Range 
Adjustable Range 
Adjustments 


Differential 


Repeat Accuracy 
Switch Ratings 


Switch Types 


Electrical Connections 


Mounting 
Weight 


Size 
Applications 


0 to 35 psia 
733 psia 
tactory calibrated at mid-point of 
the 5.0 psia adjustable range spe 
citied 
tactory set anywhere within limits 
of 1.5 to 5.0 psia 

| psia between — 65° | 

, altitude to 60,000 teer 
relative humidity 


amps with non-inductive Joad 
ot 28 volts D.C. or 10 amps at 
115 volts A.C 


single-pole, —s V snap 
acting 
class R—-NC-——opens on decreas 
ing pressures 
class G—NO—-closes on decreas 
me pressures 

Ider terminals on face of con 
trol can be pivoted and soldered 
IN any position 

” NPT, male thread to pressure 

Irce 

ox. J ounces 


"x Qiao” x 1° 


pressuring pumps on atr-borne, 
mobile, or other equipment 

also in pressurized coaxial cables 
in ground radar, and in maintain 
ing frequency bands 


UNITED ELECTRIC also manufactures a complete line 
of temperature and pressure and vacuum controls 


. to exacting specifications . 


.. for innumerable 


applications. Special controls, modifications or cus- 


tom-built, are available . . 
tion engineer today. 


United Lectne Controls 


COM P A*N Y 


HOOL 


Bor ry 


TREET, 


. consult a UE applica- 


Write for J20 Bulletin today. 


19 on inqui 
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in response to source 


WATERTOWN MASS 


NEWS —continuep 


water pressure, and the flow of water through municipal 





lines. 

Electronic pulses from each of the 92 points will be 
telemetered continuously and sent via microwave to the 
control center. There, a data logger will convert the pulses 
to digital information, 

\ logging printer will permit automatic transfer of 
coded information to a typewriter in numerical form for 
the departments permanent record, 

The recorded digital information will give the Water 
Department valuable statistics for analytical purposes. 
With the data. the Department expects to attain greater 
efficiency in taking care of the city’s water consumption 


needs. 


INTERNATIONAL CORRESPONDENCE 
SCHOOLS have added a new text. Components and Cir- 
cults in Electronic Data-Processing Machines to the cur- 
riculum. Prepared by Mr. Julius Brecezinski. Electronic 
Training Coordinator. Plymouth Div... Burroughs Corp.. 
the new text is intended primarily for technicians now 
working on mechani al business fae hines who will switt h 


over to electronic machines 


GENERAL ELECTRIC has installed a closed-circuit 
television monitor which gives the railroad crossing 
tender a mirror-sharp picture of switching engines ap 
proaching the main line from an industrial spur track 
(middle of monitor screen! a half mile away. The camera 
is enclosed in a bullet-proof housing. and is equipped 
with windshiel washer. wipers and a defrosting mecha 


nism. 


GE ITV DETECTO Computer 
DETECTO SCALES has developed an automatic Bag 
gage Computer which in six seconds records weight of 
airplane passengers baggage. deducts free weight allow 
ance. shows the amount of over-weight. and computes the 
charge for excess poundage according to passengers’ 
destination. 


FISCHER & PORTER CO's, Digital Multiple Pres- 
sure Measurement Svstem utilizes G00 feet of Nvlaflow 
polyamide pressure ing (supplied by The Polymer 
Corp.) with a savings of 50° in installation over copper 


tubing. 


LEACH CORP, bas built an industry-wide Production 
Reliability Center that will expose components and sys- 
tems off the production line to stresses far beyond any 
they will encounter in space, 


LICA, the newly formed Long Island Computer Associa 
tion. held its first meeting in Garden City. October 14. 
Mark I. Whirlwind (with interpretative-type coding pro- 
cedures for programming) and Univae were demon- 
strated: and the recently announced method of automatic 
programming, Flow-Matic. was explained. 





LOOK TO TOLEDO for Progress 
in the World of Weighing 


AUTOMATIC 
BATCHING 
SYSTEMS 


MULTI-SCAN FOR WEIGHING 
ITEMS IN MOTION 


For items moving on overhead 
tracks (hog carcasses, for ex- 
ample) Toledo Multi-Scan sys- 
tem provides accurate average 
weights without necessity of 
bringing the swaying carcasses 
to rest. Weight data is fed into 
remotely located adding or 
other office machines for list- 
ing and totalizing of weights. 
Identifying data may also be 
introduced through key input 
stations. 


“Remocon”’ controls feature remote 
setting for fully automatic operation. 
Simple dial knob adjustments con- 
trol quantities of each ingredient, al- 
low precise duplication of batches. 
Extremely flexible —- use with a sin- 
gle scale or multiple scale batching 
system. 


Check These 
WJ ol -Yoy F-Vib 4-1e mv le) ok 


pee) = olol eV m eleliale| 


When you have a problem in weighing, testing, 

counting, batching, sorting or weight data proc- 

a essing ... and you want the practical, economi- 

oo = cal answer... it will pay you to check with 


PRODUCT TESTING AND CLASSIFYING Toledo. Toledo’s complete line of industrial 


scales provides today’s effective answer for a 
wide range of needs; or for special applications, 
Toledo Scale engineers will, work with you on 
modifications or completely custom-engineered: 
units. Toledo’s huge reservoir of experience is 
your assurance of a practical, cost-saving solu- 
tion. Let us help you. Write TOLEDO SCALE, 
Division of Toledo Scale Corporation, Toledo 
12, Ohio. 


This custom-engineered Toledo automat- 
ically tests and classifies large coil springs. 
It is one of many types of Toledos used for 
classifying a wide range of items from 
small packages to large cartons and pro- 
duction parts in a variety of manu- 
facturing operations. 


" HEADQUARTERS FOR 


AUTOMATIC 


WEIGHING SYSTEMS 


ISN 
BULK ue. : 


WEIGHING 


TOLED 


Toledos provide accu- 
rate, net weight listing 
and totals of bulk ma- 
terials going into truck 
or carload shipments. 
Weighing is automatic. 
A Toledo weight-con- 
trol console with auto- 
matic recording and 
totalizing unit may be 
remotely located for 
operating convenience. 


ELECTRONIC AND 
HYDRONIC SCALES 


Toledo Electronic Scale heads may 
be remotely located wherever con- 
venient, because there are no me- 
chanical connections. Toledo offers 
full electronic scales, also combina- 
tions with hydraulic or mechanical 
components to meet a wide range 
of requirements. For specific ap- 
plications, digital indication of 
parts counts may be provided 
electronically. 
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You told us to “tell all” 
about this ALL-NEW 
PANEL-MOUNTED 
HIGH SPEED 
ELECTRICAL COUNTER 





You asked for it! Hundreds of requests for ‘complete 
specs” rolled in on the announcement of the 1591. So 
here they are... all on one sheet . . . for your counter 
file. And here’s a quick review of the most newsworthy 
features of this all-new counter: 


e Instant electric resetting. 
e Push-button reset, either mechanically on the ma- 
chine, or electrically from a distance. 
One button resets an entire panel. 
Panels can go right in your office. 
Counter is small, but figures are large. 
Speeds rated to 3,000 counts per minute. 


ORDER NOW! 


EVERYONE CAN COUNT ON 


Veeder-Root 


INCORPORATED 


Hartford 2, Connecticut 


Hartford, Conn. * Greenville, S.C. * Altoona, Pa. * Chicago 
New York * Los Angeles * San Francisco * Montreal 
Offices and Agents in Principal Cities 
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Complete 
Specifications 
... Series 1591 
Counter 
9 


Overall Dimensions: 2.1” 
wide, 1.7” high, 2.6” deep. 
Shipping weight approxi- 
mately 1 Ib. 


Method of Counting: Ac- 
tuated through electromag- 
nets, these counters can be 
connected in series with 
any device having a con- 
tact arrangement. For Op- 
timum operation, 60% 
contact time is necessary. 


Reset: Manual or electrical. 
Manual reset is accom- 
plished by¥ depressing the 
reset button extending 
through the front panel. 
Electrical reset is accom- 
plished by energizing the 
resetting coil momentarily. 


Size of Figures: .188” high. 


Color of Figures: White on 
black. 


Number of Figures: 4 or 6. 
Speed: 3000 counts per 


minute is the maximum 
recommended. 


Watt Consumption: Operat- 
ing coil 6 watts, reset 
coil — 15 watts. 


Operating Voltage: 6, 12, 
24,48 & 115 voits DC are 
standard. For operation on 
AC power, suitable elec- 
trical components must be 
added externally to the 
counter. 


Reset Voltage: 6, 12,24, 48& 
115 volts DC are standard. 


Voltage Variation Permis- 
sible: 10%, but not more 
than 10 volts. 


Temperature Rise: 140°F 
under normal operating 
conditions when coils are 
left energized for long 
periods of time. 


Lubrication: After every 30- 

million counts, lubricate 
r Veeder-Root service 

instructions V-78116-1. 


Finish: Die-cast frame, 
with aluminum covers. 
Panel Plate dull instru- 
ment black. 


NOTE: Any change in any 
ot these Standard Speci- 
fications (above) makes the 
counter a Non-Standard 
item, produced to order 
only. 
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Heres the heart of your 


process control center. 


CEC’s process chromatograph 


Put your finger on the simplest, most reliable analytical instrument 
in chemical and petroleum processing: CEC’s 26-202 Process 
Chromatograph. This is the completely transistorized, trouble-free 
system that’s improving quality control and solving processing 


TYPICAL 
PROCESS 
APPLICATIONS 


Alkylation 


problems throughout industry. 
Operating personnel depend on its rapid response and precise Butadiene Processing 


reproducibility to take the guesswork out of process adjustments. Natural Gas and 


The 26-202 provides automatic, continuous remote-control Gasoline Production 


monitoring...records multiple streams with a sample volume 
reproducibility of better than +0.5%. 

This basic chromatograph can be tailored to individual specifications, 
actually costs less because you never pay for instrument features 
not required by your process. 


Annealing Furnaces 
Ammonia Synthesis 
Chiorine Production 
Flue Gas Analysis 

Catalytic Reforming 


What is your processing problem? CEC Field Engineers are 
Polymerization 


available to work with your process engineers to design and install 
complete systems for any application. Contact vour CEC sales and 
service office today. For more information on the 26-202, write for 
Bulletin CEC 1836-X41. 


Catalytic Cracking 


Isomerization 


ANALYZER UNIT meets 
specifications for installation 
in Class |, Group D, Division | 

hazardous locations. 


CONTROL UNIT can be 
located at least 500 feet 
from the Analyzer Unit. 


FOR THE LABORATORY... 
CEC's versatile 26-201A 
Laboratory Chromatograph 
guarantees speed and 
superior reproducibility. 
Easily operated 

by untrained help. 


Analytical & Control Instrument Division 


Consolidated Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 


FOR EMPLOYMENT OPPORTUNITIES with this progressive company, write Director of Personnel. 
For more information circle 22 on inauiry card. 
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stock report 


Any further information concerning any of the following 
issues may be obtained from the Research Department, Bache 
& Co., 36 Wall Street, New York 5. N.Y 


American Stock Exchange: 











New York Stock Exchange: 


NEw YORK STOCK EXCHANGE 
1955 Thru 


in Moeller Industrial Thermometers 
because our business has been the design and manufac- 


ture of temperature measuring instruments since 1867. 


Moeller Industrial Thermometers are made in any form— 
straight angle, right or left side angles, reclined or inclined 
angles, in scale ranges of —120°F to plus 1125°F or in 
centigrade equivalents. Available in 5”, 7’, 9° and 12” 
scale sizes with plain stems, union connection stems and 
separable sockets in all stem lengths and alloys. Mail the 


coupon today for detailed information, 


MOELLER "77" 


RICHMOND HILL 18, N.Y 
INSTRUMENT COMPANY 


Representatives in Principal Cities 


Gentlemen: Without obligation, please send me Moeller 
Catalog No. 150 on Industrial Thermometers. 


NAME 
FIRM 
ADDRESS Hortnrop Air 


Bpolis-foneyve 1) 
ane@polis Mining & Mf¢ 


Continued on page 
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...beautiful ...gorgeous — ... what climb! 


SYVERSON 












High-flying, high-cost investments deserve protection. The best policy is 
pre-flight testing that checks out vital avionic systems on the ground. .. insures 

expensive ventures into space. Look to INET for the precise electrical power you 
can wheel right out on the flight line. ..in a single, custom-made package. 


NEXT TIME...LOOK TO INET 
FOR PROVEN RELIABILITY 


This INET unit was tailor-made for one of the 
















latest Air Force Fighter-Interceptors. In seconds 






it brings to life all the avionic systems the plane 






will carry aloft. The unit provides eight power 






outputs for separately generated 1,600-cycle, 





400-cycle, and DC power at closely regulated 





voltages for power supply, instrumentation 
checkout, and equipment testing. 








> Engineers desiring a special reprint of the above 
cartoon should write to: ‘““FLAME-OUT”’ 
c/o Inet Division of Leach. 


INET DIVISION LEACH CORPORATION 


18435 SUSANA ROAD, COMPTON, CALIFORNIA 











e 24 on inquiry card. 
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(MARSHALLTOWN » 


— _ 
OO eS ees eS eS SS 


DIAPHRAGM 


GAUGE 


}FOR ACCURATE 
PRESSURE 
MEASUREMENT 
IN OUNCES OR 
INCHES OF WATER 








Over-The-Counter 


Marshalltown Figure 83 is an extremely sensitive gauge that 
uses a carefully seasoned bronze diaphragm to accurately 
measure very low pressures. It is used extensively on many 
types of natural gas installations for checking low pressures. 


Pew earw es eases 


Aerovox Cory 
Aircraft Radio Cor 
Argus Corp 


-? 
| Bite) -McCul lougn 
J 


Available in standard dials (reading 
in inches of water) 0-15” -0-30” -0-60” 
0-100” -0-160” . . . also in ounce : 

MOST COMPLETE 


graduated dials from 15 ounces to 5 | LINES OF INDI. 
pounds. 212”, 3’2” and 412” diai sizes | CATING PRESSURE 
L 


mounted in black enameled steel case. GAUGES MADE! 


MARSHALLTOWN MFG. COMPANY 


MARSHALLTOWN 3, IOWA 


FOR ONE OE THE 
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A Superior Detector 


for 
Infra-Red Spectroscopy 


GOLAY 
PNEUMATIC 
DETECTOR 


Among the characteristics that render the Golay Detector superior to other types 
of detectors for use in infrared spectroscopy are: 





1. An effective sensitive area 3/32” in diameter. 

2. Sensitivity of 6 x 10711 watts RMSENI when used with “chopped 
beam” method and with recording time constant of 1.6 second. 

3. Uniform sensitivity from the ultra-violet through the visible and the 
entire infra-red, and up to the micro-wave region. 

4. Improved, drift-free, A.C. operated amplifier with step gain controls 
and four response periods. 


Write for EPLAB Bulletin = THE EPPLEY LABORATORY, INC. 


Ne. 10 SCIENTIFIC INSTRUMENTS 
2 SHEFFIELD AVENUE, NEWPORT, RHODE ISLAND, U.S.A. 
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THE NEW 
CONCEPT 
IN COAXIAL 
DISCONNECT 

SPLICING... 


Here is a totally new method for attaching disconnect splices to coaxial 
cables that will create new standards of performance ...on chassis connec- 
tions, computers, test equipment—in fact, anywhere that two coaxial cables 
need fast and reliable disconnect splicing. 

Easily attached to coaxial cables by AMP’s modern compression method, 
the all new A-MP COAXICON assures you of uniformity, absolute reliability 
and new low cost—in either free-hanging or through-panel units. In addition, 
the COAXICON supports cable shielding against vibration while offering fully 
insulated positive electrical performance. 

Production rates easily exceed any method you’re now using. With a sim- 
plified wire stripping method, it takes just one stroke of the matching A-MP 
tool to permanently crimp COAXICON to your coaxial cable. 

Think of it—no more burned or melted insulation, no doubtful, sloppy 
connections, no time consuming, high-cost assembly methods. Once you’ve seen 
the all new COAXICON, you won’t settle for less. 


Send for a sample and complete product information today. 


ANMIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
A-MP products and engineering assistance are available through subsidiary companies in: Canada « England « France « Holland « Japan 
For more information circle 27 on inquiry card 
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° ° ° 
Hydraulic Weighing 
Phe basic principle of all Emery Hydraulic Weigh- 
ing Svstems is that of converting force into hydraulic 
pressure. This pressure is directly proportional to ap- 
plied load and it can be transmitted to proper instru- 
mentation to give indication, recording. printing of 


control. 


Vavtagd westeop ey ry 


To best describe the action of an Emery Hvdraulie 
Cell, we refer to the well-known piston-cylinder action 
because in effect. an kinery Hydraulic Cell is a piston- 
eviinder assembly. 

In any piston-cylinder there are three factors which 
must be controlled to insure accuracy: (a! leakage (b) 
friction and (c) acting area. 

The acting area of the Way-pac Cell is always the 
same due to the ingenious molded diaphragm which is 
used as a pressure sé al. (From neu l6-page Bulle- 
tin, 582 The A. H. Emery Co.. New Canaan, Conn.) 

138 


“Mini-Rapid 16” 
Automatic Processor 


With the “Mini-Rapid 167 you can start to read film 
information just seven or eight minutes away from 
the shooting you can shoot up to four hundred 
feet of film. drop it in the feed compartment of the 
Mini-Rapid 16—-and see it come out. dry. ‘ready 
to show)——at the rate of 6 feet per minute . . . The 
negative. or release print is developed. fixed. rinsed. 
washed and dried automatically. You can process 
strips as short of two feet. or lengths up to 100 feet 
with one chemical loading (From neu b-page 
bulletin, Fairchild Camera and Instrument Corp., In- 
dustrial Camera Div... 25 Aerial Way. Syosset. L. 1. 
iene 
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Solution Conductivity 
Measurement 


The determination of conductivity consists of meas- 


uring the resistance of a column of solution. Alternat- 
ing current is almost universally used in order to avoid 
changes in the composition of the solution adjacent 
to the electrodes. which effect comes under the general 
name of polarization. Although other measuring sys- 
tems are in use. the a-c Wheatstone Bridge is most 


widely used at present and is potentially the most sensi- 


2 


tive. stable and accurate. A typical system consists of 
three elements: an a-c Wheatstone bridge circuit. a pri 
mary element or conductivity cell. and a null indicator 
with or without a rebalancing mechanism. 

Such a system is shown in Fig. 1. D represents an a-c 
voltage-sensitive device as an a-c. galvanometer. eat 
phone. cathode-ray oscilloscope. or an electron ray 
“tuning eve” tube. The a-c¢ source may be a low volt 


age, tap on a 60 cycle transformer. a vacuum tube o1 


transistor oscillator for higher frequencies, a dry cell 
operated vibrator, etc. The voltage varies among in 
struments of differing degrees of accuracy and = sensi- 
tivity from several millivolts to as much as 50 volts. 
The frequency of the bridge current is commonly 60 
and more rarely LOOO cps. For measurements on 
high resistance electrolytes. such as demineralized wa- 
ter and steam condensate. the lower bridge source fre- 
quency is preferable. For measurements in highly con 
ductive solutions. higher bridge frequencies are ad 
(From neu 30-page Catalog 23. Indus 


( edar 


vantageous. 
trial Instruments Ine. 89 Commerce Rd.. 
Grove. if Be 
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Digitrol Building Blocks 


This circuit uses standard “DIGITROL™ components 
to establish a time base proportional to an analog volt- 
ave input \V. The digitized servo output is used to 


preset a bank of decade counters. Since these counters 


ee ee ee | 
' 


M SERVO POWER DIGITIZING 
Pre SERVO 
AMPLIFIER AMPLIFIER MOTOR 


are being fed pulses from the crystal clock at a uniform 











rate, the time from the beginning to the end of the 
counting operation is proportional to the preset 
quantity, and that in turn proportional to input volt- 
age V.—(From new 4-page bulletin Electro Precision 
Corp., P. O. Box 669, Arkadelphia, Ark.) 

For this literat sabe soiinaticy card 








Today’s product designer, control 
systems engineer, nuclear physicist, 
and graphic panel manufacturer have 
a common need—an instrument cap- 
able of measuring elapsed time to a 
hundredth of a second, with an accu- 
racy better than 0.02 of 1%. 


Wide field—wide requirements 
But there the sameness ends—the 
nuclear physicist needs a hermetically 
sealed device for remote control; the 
product designer requires load switches 
and local pushbutton reset; the graphic 
panel man wants smart appearance. 
The lab technician wants a portable 
model. The military asks for the 
smallest unit consistent with reliable 
readings, while the sports event time- 
keeper must have a large dial. 

How can you meet these diverse 
here’s the an- 

a product of 


requirements? Well, 
swer to that question 
Cramer’s experience and knowledge 
of precision timing. 


Accuracy for everybody 

You select a small, powerful and 
inherently accurate drive motor, add 
a 110-tooth positive clutch and apply 
it on the high-speed shaft. Back it up 
with a potent relay. When the signal 
comes, the unit responds instantly, 
and we have accuracy. 


All-electric operation for flexibility 
Add heart cams on the mainshaft and 
a rugged solenoid to belt them home 
within 1/10 second after the reset 
switch is operated. Now we have elec- 
trical reset, either remote or local. 

For versatility, provide for load 
switches with cams on fast or slow 
pointer shafts. Cut and set at the fac- 
tory, cams will offer a variable number 
(and duration) of pulses per second or 
minute, or with load switches wired in 
series, the unit can be used as a highly 
precise time delay relay or interval 
timer. 


Commercial or Mil-Spec housings 
Now let’s enclose the mechanism. 
Commercial housing is dust-tight and 
has a 12-place terminal block. Also 
developed: a militarized model to with- 
stand high vibration, shock and severe 
environments. A deep-drawn solder- 
sealed enclosure with 14-pin glass- 
beaded header, evacuated and _her- 
metically sealed will do it. 


Versatile stop clock measures to 1/100 second 


Dials, pointers — Loewy styled 
What's left? The 
things dial pointers. Let's 
tackle this for readability. and at the 
same time, shoot for eyve-appeal. This 
time well vo to the styling experts 

famous industrial designers, Ray- 
They come 


business end of 


mond Loewy Associates. 
up with the last 
engineered dial-pointer combina- 
Frame 


word in human- 


tion for fast, exact readings. 









it with a pleasing bezel that can be 
finished to match or harmonize with 


your panels, 


Now it looks like the precise 
instrument that it is the new 
Cramer Type 691 Time Totalizer. 


Bulletin PB 691 tells more about it. 
For detailed information 


write 


and com- 


plete specifications, Cramer 
Controls Corp., Box 5, Centerbrook, 


Connecticut. 


311 32 
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TYPE 691 PRECISION ELECTRICAL STOP CLOCK 


Total Range 


Outer Scale Inner Scale 





60 sec. 
TIME RANGES: 60: ein. 

60 min. 
RATINGS: Vlotors all) standard 


voltages at 50, 60 and 400 eps. and 
28 volts DC (chronometrically cov- 
erned) : clutches and solenoids all 
standard voltages at 50 and 60 eps, 
and 28 volts DC. 


ACCURACY: Within .01 
60-second units. and within .005 min- 
ute for 60-minute units. 


ELECTRICAL RESET: Actuated either 
by momentarily pressing pushbutton 
on timer bezel, or by closing a remote 
switch, Timer pointers return to zero 
within 1/10 seeond. 


second for 


LOAD SWITCHES: One or two, op- 
tionally available, SPDT. rated 5 
amperes at 115 and 230 volts AC 


TALK IT OVER WITH 


Each Division Each Division | 


.O1 sec. 1 sec. | 
.O1 min. 1 min. 
1 sec. 1 min. | 


(resistive), 2 amperes at 26 volts 


DC. 
CAMS: Optional, to operate load 


switches. Precision-cut to exact time 
specifications. they can provide a 
series of electrical pulses during tim- 
ing, or transfer switch contacts at any 
point or points within the time range 
of the unit. 

EXTERNAL CONNECTIONS: All 


nections to motor, clutch, reset sole- 
are brought 


con- 


noid and load switches 
out to numbered terminals. 


MIL-Specs: 


Hermetically-sealed mil- 


itary units meet vibration, shock and 


environmental requirements of MIL- 


B-5272A. 


CRAMER CONTROLS 


saeco indies 


28 car 


De ce om »r 1958 
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JEWELS... 


INDUSTRY... 

By MOSER JEWEL COMPANY, 
pioneer industrial jewel 
manufacturer for over 50 years. 


@ HIGHLY POLISHED STEEL 
PIVOTS AND STAFFS 


HARD ALLOY WELDED TIPS 
NON-MAGNETIC STAFFS 
DIAMOND POINTS 


FOR INFORMATION ON HOW 
WE MAY FILL YOUR REQUIREMENTS 


Write ta... 





MOSER JEWEL COMPANY 


P.O. Box 150 © Perth Amboy, N. J. 


“Manufacturers of all types of Industrial Jewels” 
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Direct - Traverse, Expanding - Core 


MINIATURE TRIMMING CAPACITOR 


y 





* 


Ilustrated same size Patented 


Designed for the coming space age, the ATLEE Variable 
Capacitor operates on new electro-mechanical principles 
to give a much greater range and higher stability with 
less space and weight than ever before. 

Only %@ long and *y in diameter, its capacitance range 
is 0.5 to 5.0 mmf. Has micrometer adjustment. Available 
in glass dielectric and brass for standard panel mounting 
or quartz and invar for special applications. 

A rugged unit, it will maintain a set value under extreme 
vibration and shock without undue stress! Has excellent 
retrace characteristics. Full-floating piston assures posi- 
tive mechanical alignment, eliminating run-out. 


ATLAS E-E CORPORATION 
47 Prospect Street > Woburn, Massachusetts 
3757 Wilshire Blvd. a Los Angeles, California 

For more inf 30 on inquiry card. 
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Intercom 1000 


Developed especially for the Bendix G-15 General 
Purpose Digital Computer. Intercom L000 is a 
complete general purpose system, in which commands 
and data may be stored in the computer's internal 


memory ... Each Intercom command is represented 


by a two-digit code. To write an instruction, the user 
need only specify the desired code, together with the 
four-digit memory address where he has previously 
stored the data on which he wishes to operate. 


NOTES 
etre Beta So te a 
Perform square root subroutine 
which begins at address 1597 
Leave result in accumulator 

en 
Perform sine subroutine, which 
begins at address 1442. Leave 
result in accumulator 








The calculation of any subroutine function may then 
be called for in a program with a single command. 
For example. the two commands below, added to the 
preceding program. would enable the computation 
in radians of 

sin \/(a*——be) /d 
(From new A-page Bulletin AR-O58-R-O78, Bendin 
Computer, Div. of Bendix Aviation Corp., 5630 Arhor 
Vitae St.. Los Angeles 45, Calif.) 
For this it » 142 


Pressure Scanner 


Phe Data-Master Type 5 seans a number of pres 
sures, measures them with high accuracy and records 
the data in digital form. It is particularly suitable 
when minimum switched volume is required for ac- 
curacy and speed. The Data-Master Type 5 is capable 


+ 

| 

COUNTER } 

| 

I = 
{ 


AUKIUIARY 
RELAY 
PANEL 


j 


\; 


POINT {NO POINT 
INDICATE Brivial 


of higher accuracy, finer resolution and greater reli- 
ability than any other pressure logging system. The 
input pressures may be from small diameter probes 
or orifices and may be transmitted over considerable 
distances through small diameter lines. Connections 
are made to external fittings on the Data-Master con- 
sole... (From new 4-page bulletin, Hanson-Gorrill- 
Brian, Inc., 85 Hazel St., Glen Cove, N. Y.) 
For this | @ 143 on inquiry card 
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For that hard-to-handle liquid... 
consider the “115” Transmitter 






eS 
*% 






ONLY 2 PARTS IN 





| EXTREMELY ACCURAT 
| AND DEPENDABLI 





Ideal as a liquid level transmitter — ai 
for slurries, paper stock, and pe ee 
viscous or corrosive fluids ad 













TYPE 4152 
WiZAROI 
Flange mounts direct to side of tank. Only the 1 SUPPLY f 
diaphragm and the diaphragm ring come in contact with T ; it 
the fluid. Diaphragm is Teflon impregnated glass cloth he j - ae 
ring can be stainless steel or some other corrosion 3 seems 
resistant material of your choice. Pneumatic output of the 
“115° as a 1 to | measure of the liquid head in the vessel 
Frequently supplicd with the popular Fisher Wizard II — 
as the controller which makes a complete and compact e -& 
assembly for liquid level control application. Also used 
as a transmitter tor remote, level indicating, recording or 
controlling. Primarily for open tank service, the “115” is Fisher ‘118" with the Wizard It as the 






used 1n pipe lines and vessels with pressures up to 75 psi. 
For complete information on the Fisher “115” write for 
Bulletin F-115. 






controller on a liquid level contro! installation. 







FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT’S CONTROLLED BY 
FISHER GOVERNOR COMPANY 


Marshalltown, lowa / Woodstock, Ontario / London, England 
CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsylvania SINCE 1880 
















nformation circle 31 on inquiry card. 





December 1958—I/nstruments & Automation—Page 1933 





actual air velocity 
instantly with 


VELOMETER 


A simple, direct reading on the Alnor Velometer gives you 
an instant measure of air flow speed through grilles, ducts, 
furnaces, spray booths, or in the open. 

Precision-built and self-contained, this portable instru- 
ment brings laboratory standards to the line or field instal- 
lation. Available in a wide variety of scale ranges, full 
assortment of jets and fittings. You'll want all the facts 
(no safety department should be without a Velometer ). Get 
Bulletin 2448-G. Attach this ad to your letterhead and mail 
to: Illinois Testing Laboratories, Inc., Room 518, 420 
No. LaSalle St., Chicago 10, Illinois. 


PRECISION INSTRUMENTS 
FOR EVERY INDUSTRY 


ACCURATELY 
MEASURES LIQUIDS 
from ACETONE 

to ASPHALT 








PETROMETER Remote Read- 
ing LIQUID LEVEL INDICA- 
TORS are accurate and reliable. 
Suitable for all stored industrial 
liquids ..in any tank... at any 
distance. Easy to install... and 
easy to read. Indicators have 
many unique design features. 


write today for Bulletin 6004. 


PETROMETER 


CORPORATION 
43-22 TENTH ST. LONG ISLAND CITY 1, N.Y 


For more information circle 33 on inquiry card. 
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Precision Tuning Forks 


These Precision Tuning Forks are intended pri 
marily for applications where an accurate frequenes 
source is required in a compact form . . 

In addition, a new order of accuracy of frequency 
over a wide temperature range is obtained in’ the 
W2003A and W2008 units by the use of temperature 
control, Heat is applied to the tuning fork at all 
temperatures below 20° C. This brings up the tempera 
ture of the fork to a relatively flat region in the fork 
temperature-frequency response. The design is) such 
that full accuracy is attained in) approximately & 
minutes in a minus 65 C ambient temperature. 

The fork is made up of 2 metals which provide ther 
mal compensation so that large frequency deviations 
do not occur due to temperature changes. 

The working “Q™ of the fork is greater than 6000 
This assures a high stability of fork frequency with 
respect to external factors such as Bo voltage. tube 
aging. and change in component values, 

The electrical circuit’ consists of a double triode 
amplifier with negative feedback applied through a 
non-linear element. This arrangement acts to maintain 
fork amplitude and therefore frequene \ constant when 
B voltage is varied. or if the cireuit gain changes for 
any reason... 

Output Voltage Approximately 5 Vo ointe 200,000 
ohms aor vreater impedance 

fecuracy. Type R20034: }oopart in 50,000 
( 005% ) from -- 15 to -++ 35° ( (From new 4A- 
page hulletin “Miniature Precision korks. Types 20034 
and 2003.° American Time Products. Ine. S80 Fifth 


fie New York 36. NX. 


Armored Instrument Tubing 


An Okoflex assembly consisting of several cabled 
tubes can be installed in approximately the same time 
it takes to install one tube... armor protects the tubes 


» « abled 


from both physical damage and corrosion 


7 single tubes 7 tube Okoflex cable 
tubes (spiraled like the strands of a rope) can 
he bent on a small radius... colored sheaths provide 
“built-in” color coding ... one tube in each layer of 
the tubing is color coded... communication or control 
wires can be cabled in with the tubes—-for sound- 
powered phone communication during installation . . . 
(From new 24-page Bulletin 1112, Okonite Co., Pas- 


saic, N. J.) 
» 145 
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Standard or special, simple or complex — 


M-S-A Sample Systems and Accessories help produce 
unerring answers to your gas analysis problems 


Proper handling of a sample stream can 
make a critical difference to the analytical 
instrument user. It may well be she deter- 
mining factor in achieving positive results, 

That’s why the subject of proper sample 
handling has received so much emphasis at 


MSA. Already, we have spent thousands of 


engineering manhours on design, develop- 
ment, and testing of sampling systems and 
sample system components. Specifically, 
for use with M-S-A Infra Red, Thermatron, 
Oxygen, Combustible Gas, Water Vapor, 
and Carbon Monoxide Analyzers. 

A great majority of the analyzers that'we 
build have been supplied as part of a com- 
plete system, including all necessary sam- 


pling accessories. Because of the variety of 


sample conditions, a single system will not 


satisfy all requirements. Many MSA sys- 
tems have been successfully applied so 
many times, however, that they have be- 
come standard. In other cases, we have 
developed special combinations of these 
standard units to handle problems peculiar 
to a certain application. Or, we have sup- 
plied individual components to a user 
where the application has not required an 
elaborate system. 

An MSA Instrument Specialist can help 
you pinpoint the results you can expect 
from MSA Analyzers equipped with any 
or all of these versatile units. Our new 
bulletin, M-S-4 Sample Svstems and 
tcecessories for Gas Analysis lists applica- 
tions, features and advantages for the 
complete line. Write for your copy. 


INSTRUMENT DIVISION 
Mine Safety Appliances Company 
Pittsburgh 8, Pennsylvania 


M-S-A Heavy Duty 
Primary Filter or Scrubber 


M-S-A Vacuum Pump and 
Motor Assembly 





lodTakohitoyal 
Filter and Liquid 
NY-sekol meh iol; 
M-S-A Water Cooled 
and Air Cooled 
Sample Conditioners 





M-S-A Stondard Systems 





M-S-A Station Selector 
Multipoint 








Small Volume Filter 





M-S-A High Efficiency 











M-S-A Low Pressure 
Regulator 


M-S-A Diaphragm Pump 
and Motor Assembly 








TYPICAL MOTION-TYPE TRANSMITTER 
MEASURING ELEMENTS 


For Flow and Liquid Level — 
Type 37 Mercuryless Dia 
phragm Element. Ranges from 
20 to 200 inches water. 


For Pressure — Helical Ele- 
ments, with ranges from 0- 
200 to 0-6000 psi. Ranges a 
from 10 inches water to 80,- F ue TRG 
000 psi available with other : } RANSMITTER 
Foxboro pressure elements 3 j RSG 


f 
t 


“5 0 5 wy 


INDICATING TRANSMITTER, ;MOTION-TYPE 
auc te aaa es Electronic Transmitter measutes flow, pressure, tempera- 
pressure, and gas filled ther- ture, level, and other variables. Provides local measure- 
mal systems. ment indication directly from the primary element — com- 
pletely independent of electrical components and power 
supply. Transmitter uses any standard Foxboro measur- 
ing element. No tubes — solid-state components used 
throughout. 





FOXBORO Electronic 


REG. U.S. PAT. OFF. 





COMPLETE LINE OF RECEIVING INSTRUMENTS 

Electronic Consotrol housing design permits unequalled 
flexibility in panel arrangement. Recorders and controllers 
can be enclosed in a 6” x 9” compound unit, as shown at 
left, or can be mounted separately — recorder in compact 
6” x 6” case; controller in one slim 3” x 6” case. Regard- 
less of mounting, controller operation is entirely inde- 
pendent of recorder, and both units pull out separately. 








Electronic Consotrol Instrumentation also-includes a full! 
line of computing stations, valve actuators, ratio and cas- 
cade control systems, and alarms. 

















COMBINED RECORDER-CONTROLLER 


For more information circle 35 on inquiry card, 





for the 
first time... 


the 100% solid state 
electronic system! 


= thermocouple and resistance bulb converters-using magnetic amplifiers 
= choice of force-balance and motion-type transmitters 
= long time-constant tubeless controllers 


Consotrol Instrumentation 


Electronic Consotrol* Instrumentation — the most complete and advanced family of electronic-oper- 
ated measurement and control instruments available today! That just begins to describe Foxboro's 
dramatic new advance in instrumentation. 4 ». ¥ Foxboro electronic transmitters, indicators, re- 
corders, control stations, computing stations, valve actuators and other final operators cover every 
function in the control loop. All are linked by a d.c. current signal. All are completely tubeless. Even 
thermocouple and resistance-type systems no longer require vacuum tubes. 4 ¥ ¥ Electronic Con- 
sotrol systems convert temperature, pressure, flow, level measurement, etc., to a proportional signal 
at the transmitter. Transmission to a remote control station is instantaneous — using an electronic 
motion-type or force-balance transmitter. Designs are available for both hazardous and non-hazardous 
areas. ¥ ¥ ¥ Electronic Consotrol Instrumentation heralds a whole new era in process control 
engineering. Write Foxboro today for the new 32-page Catalog 21-10 which gives full details. 


The Foxboro Company, 4612 Neponset Ave., Foxboro, Mass., U.S.A. Reg. U.S. Pat. Off 
F nformatior P 35 on inquiry . 
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Here (8 Why! 


You can dispense with oil filters and dust filters when 

you install °Nash® Clean Air Compressors. You can save No dust filters 

the cost of maintaining these devices. You can greatly ae 

reduce instrument maintenance costs. For the Nash em- No internal lubrication to 

ploys no internal lubrication, therefore no troublesome contaminate air handled. 

oil - in — “ a air from a Nash No internal wearing parts. 

is thoroughly washed and cooled as it passes thru the . 

pump. Dust in the plant atmosphere, even fly ash, is im- No valves, pistons, or vanes. 

mediately removed. Non-pulsating pressure. 
®Nash® Clean Air Compressors are simple, with only Original performance constant 

one moving element. No valves, gears, pistons, sliding = over a long pump life. 

vanes, or other enemies of long life and constant perform- , 

ance complicate a Nash. No aftercoolers are needed. You = Low maintenance cost. 

will find it profitable to investigate these pumps, now. = 


SuNNHUUUUAUNSNOOULUSSQOUOAUCQ0ONOUUHSAE00UOENU UG AEGE ALAN UGE 
NASH ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 
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No oil filters. 
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All-Electric Positioner 


Input signal range may be O-F ma DC. 2-6 ma DC. 
or any intermediate range with a span of approxi- 
mately do oma DC. 
this signal with a feedback signal generated by the 
stem position potentiometer which is geared directly 


to the 


The summing circuit) compares 


mechanical output) mechanism... Tf stem 


position exactly corresponds to the command signal. 


the. two above mentioned signals effectively cancel 
each other at the summing unit. no error signal results 

if the input is increased. the summing circuit sends 
a positive DC signal to the amplifier wheh sends a 
positive DC signal to the 3-position relay coil causing 
a set of contacts to close which will energize one of 
the two power relays. These in turn energize the actu- 
ator motor so that it moves the stem... (From neu 
t-page Bulletin BVS8-5. Norwood Controls Unit, De- 
troit Controls, 934 Washington St... Norwood, Vass.) 
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Temperature Controller 


The Model IVA is extremely simple and positive 
The thermal element operates on 


As the 


expands from an increase in heat at the sensing bulb. 


in its operation... 
a mercury-expansion principle mereury 
it actuates. thru simple lever action. the movement of 


the black indicating pointer when the black 


1 
2 


1 ouner g_ 


scat 
J 


i 


vé ' 
\ ELEMENT LENGTH 


on me | —— 


pointer approaches the red setting pointer (enters into 
the throttling range} it actuates a tapered metering pin 
in a pilot air valve, reducing the air pressure to the re- 
motely-placed air-operated fuel valve or other device 

_any slight temperature variation causes an immedi- 
ate repositioning of the metering pin which is reflected 
by a change in air pressure to the fuel valve reposition- 
ing it to establish a new equilibrium position 
(From new 4-page Bulletin 342. Partlow Corp., Neu 
Hartford (Utica), N.Y.) 

Far more information circle t4n 


The Cambridge Record- 
ing Gas Analyzer continuously 
analyzes and records as many as six 
constituents of a gas, Eliminates inter- 
mittent, slow and expensive manual 
gas analysis. Accurate . . . Sensitive 
. . . Simple. No moving parts; utilizes 
thermal conductivity principle. 
Makes possible substantial savings in 
the operation of kilns, production of 
inert gases, and in metallurgical, petro- 
leum, and other chemical processes. 
Single- and Multi-point instruments 
are available for a wide variety of ap- 
plications. 
Send for literature mentioning applications 


CAMBRIDGE 


INSTRUMENT COMPARNY, IC 


3554 Grand Central Terminal, ‘iew York 1i 


PRECISION 


Pioneer Manufacturers of 


INSTRUMENTS 


























For 


e 36 on inquiry card. 





e information 


rcle 37 on inquiry card. 
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Above, left—The GPE Controls Electric Flow Transmitter, a completely new idea 
in flow signal transmission. Completely transistorized, without complex me- 
chanics, it transmits a high-level signal proportional either to flow or to differ- 
ential pressure. Precise measurement and signal transmission are first in im- 


portance in good control. 


Above —The Libratrol-500 Process Control System, made by Librascope and 
available to industry through GPE Controls, Inc., is developed around this 
highly reliable, rapid-response digital computer. It provides for a full range 
of process control—from accurate processing of dato to provide understandable 
information to a human operator, to complete automatic control of an entire 


process or group of interrelated processes. 


Left—One of many GPE Controls Electrohydraulic Valve Actuators that combine 
the speed and positive action of hydraulic valve operation with the flexibility 
of electrical control and signal transmission. 








INDUSTRIAL PROCESS 
>ONTROLS... 


What do you expect of tomorrow’s automatic control systems? If you are 
looking forward to the advantages of computerized control systems . . . greater 
reliability in signal transmission . . . further localization of the control function, 
with centralized supervision . . . better response of final control elerhents . . . 
then for you tomorrow is already here. 

GPE CONTROLS, Inc. brings to industry computer controls, components, 
--and greater understanding of system dynamics — offered by several subsidiary 
companies of General Precision Equipment Carporation: Librascope for digital 

data-logging and closed-loop computer systems and associated components; 
Kearfott for high-performance hydraulic components and controls; Link Aviation 
for analog computer controls, product service, and manufacturing capabilities; 
Askania for more than 25 years of dealing with the control problems of industry. 

GPE CONTROLS, Inc. welds together all these industrial control capabilities 

and makes them directly — and immediately — available to you. 

Why not see what the engineers of GPE Controls can do for you? You'll be 
‘seeing this nameplate on the most exacting control-computer installations — 


soon and often. 


Executive Offices and Midwest Regional Headquarters 
240 East Ontario Street, Chicago 11, Illinois 


Eastern Regional Headquarters and Hydraulics Division 
1500 Main Avenue, Clifton, New Jersey 


Western Regional Headquarters 
40 East Verdugo, Burbank, California 


... serving industry through coordinated precision technology 


e 38 on inquiry card 
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for AUTOMATED CONTROL, specify 


Electric i 
Clutch ‘ Combination 
Clutch & Brake 


Electric 
Broke 


Clutch 


Check the features of this new design: 
Rapid diaphragm action, no sliding parts 
Precise clutching and braking - adjustable ‘soft’ to’’harsh’‘action 
Simplicity in design, trouble-free operation 
Silent action, eliminates magnetization of surrounding parts 
5 standard styles; full range of sizes — 7’ to 3'8’ diameter 


Check your requirements for electric clutch and brake 
control. You'll find SIMPLATROL Miniature and Small Electric 
Clutches and Brakes upgrade new machine performance, give 
faster, more precise sequence operations. 


Ask for recommendations on Simplatro! units 
New illustrated folder on request 


im Vatrol dl ..0ccc: corp. 


24-8SALISBURY ST., WORCESTER, MASS 


Representotives in Key Industrial Areas 


100% 
AUTOMATIC 
TANK 
GAUGING 


Dependable remote reading tank contents gauges 
using a closed hydraulic transmission system. No 
power required. 
Several sizes available. Approved by Underwrit- 
ers Laboratories and Factory Mutual. UL ap- 
proved switches. 


Write for complete details, to Dept. E 

















Suucr 1921 


THE LIQUIDOMETER Corp. 
LONG ISLAND CITY 1. NEW YORK 
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Image Converter Camera 
Has 10” Sec Exposure 


The Librascope Precision Technology Model © 
Image Converter Camera for photography of transient 
phenomena in the millimicrosecond region . . . de- 
signed around a newly developed image converter tube. 
is electrostatically focused and deflected. Exposure 
times to 10 millimicroseeonds are possible with this 
camera From new 2-page Bulletin “Model ( 
Image Converter Camera” Librascope, Inc., Precision 
Technology Dept., 66 South P St... Livermore, Calif.) 

bas heineoa’ 148 on ir 


Telemetering Filters 


Telemetering filters are now available for every 
channel ranging from 400 ceveles to TO.000 evecles and 
for various band widths between 15‘. and 40°). In 
addition to the standard case types which conform to 
the original JH -APL specifications, special Case 





1S% Band Width 30% Band wicth 





Case Suze 


Lid) = 
Chan] Type No] Cnan|Type No] WoL Weight 
No No 





$-15456 $2531! 
$-15457 $-15477 
$15458 $ 15678 
$-15459 $-2$312 


$-15460 $-25313 
$-15461 $-25314 fi Mexdtor2e] 1 iD 7 oz 
$-15462 $ 25315 


S 15464 $-25316 
$ 15465 $-15479 
$-15467 
S-15468 
$-15469 308-—-15% 
$1547) Dvexd 220 2008-—-23% 
$-15472 4008— 26% 
$15473 
S-15474 
$-15475 
$ 15476 








eelvwoaulaen 






































sizes are also supplied... The tremendous advantage 
of these miniaturized filters can be seen from the fact 
that a-set of the same twenty filters would have a vol- 
ume of Jess than 300 cubic inches representing a re- 
duction by volume of 80 (From new 16-page 
Catalog 104. Burnell & Co.. Inc. \O Pelham Parkway, 


Pelham. N.Y.) 
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Jackman-Van Winkle 
Integrator 


Vhe instrument is a tachometer feedback, velocity 
servo type integrator, The use of a mechanical differ- 
ential as part of the servo link gives this integrator 


~everal advantages over similar integrators: 

(1) The starting torque of the servo system is 
practically zero. Therefore the instrument) has the 
same accuracy when integrating very near zero as 
when operating full scale. 

(2) The accuracy and linearity are improved over 
similar instruments. 

\lthough the instrument is) presently adapted to 
integrate the record of a strip chart recorder, it is 
easily adapted to integrate any mechanical motion ot 
voltage input. 

Dynamic rage is 52 db (From new 2-page brochure, 
Research Appliance Co., P.O. Box 307, Allison 
Park, Pa.) 
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INFORMATION 
AT YOUR 
FINGERTIPS 





HONEYWELL CATALOG COVERS 


—— FULL LINE OF CONTROL VALVES 


Now you can get a complete, easy-to-read reference on 
control valve technology. 
Minneapolis-Honeywell Regulator Co. 
A new, 88-page Honeywell catalog— generously illus- Valve Division 
trated with over 150 photos and drawings— gives per- Fort Washington, Pa. 
formance, construction and application data on 
electrically and pneumatically operated control valves. Please send me a copy of the new, 88-page Honeywell 
Control! Valve Catalog C800-1. 
Completely cross-referenced, the catalog includes in- 
formation on flow characteristics, valve sizing, corrosion 
plus other valuable material important to every 
control valve user. 


NAME 





COMPANY 





ADDRESS 





Fill out and mail the coupon . . . without obligation. And 
the-next time you need control valves, call your local 
Honeywell field engineer. He’s as near as your telephone. 
MINNEAPOLIS-HONEYWELL, Fort Washington, Pa. 


a 
a 
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BIOGRAPHIES Bill's interest’ in’ instrumentation 
hegan early in his high school days. 
around 1935. when he worked dur- 
°. ems ing vacation time in the jewelry busi- 
of Significance ness and had to repair some optical 
instruments. This “hobby” led to a 
job as instrument machanic, then 
others in the same line. He followed 
WILLIAM H. HANEY this eecupation for several vears he- 
fore advancing his education. 
When the war was over. Bill started 
Bill Haney received his engineering his own instrument business. As 
education at V. P. |. extension in president and general manager of a 
Norfolk. Virginia. where he studied small corporation in’ New Orleans. 
electrical engineering. Later he at Bill contracted instrumentation proj- 
tended the L. S. Maritime School of ects and custom-built) instrumenta- 
Engineering and graduated in 1943 tion systems, and sold and serviced 
in marine engineering. For the dura- other instruments. 
tion of World War Il he served as In 1946 he started the New Orleans 
a maritime engineering officer. Section of the ISA as a charter sec- WILLIAM H. HANEY 


tion. serving as its secretary for three 
vears. The encouragement to— start 
a section there came from Richard 


. Ries een 7 Rimbach. publisher of /nstruments. 
a variable-reluctance be tc: S64, BO nae, “Lannconien 


pressure transducer ently a newcomer. having read vour 
. ] ere publication for only twenty years. 
for ae applications Looking back to the time when vour 
publication. /nstruments, was the on- 
ly source of information an instru- 
ment man had to find out what was 
going on in the instrument) world 
about him. it) seems. progresswise. 
like 150 vears ago--but in reality 
it was only a few vears .. 2” 

In 1955 Mr. Haney joined the 
Bechtel Corporation in San Francisco 
as a senior engineer in the instrument 
department. Three vears later, in 
June 1958. he took a job with Chance 
Vought) Aircraft. Ine. as svstems 
engineer in’ electronic instrumenta- 
nee tion design. He has been assigned re- 

Wiancko's new dc-dc pressure transducer 1s a no : . : ‘ 

» \ S noe e ve 2 
table advance in transducer design that will find cently to support engineering equip 
ready acceptance and wide appreciation because : tacts b A ‘ 
here, combined in a small 10-ounce package, are evaluation of missile inertial guid- 
all the advantages of the variable-reluctance pick ance svstems. 
off with the desirable features of dc excitation and Bill's biography shows the hori- 
output. High output (C-5 volts dc), great accuracy 3 wae f : al 
and repeatability, exceptional acceleration and v zontal nature of instrumentation, 
bration resistance, constant output impedance, and making it possible for process instru- 
high frequency response, all make this transducer ment men to move into missile in- 
eminently suitable for telemetering and data system strumeetation. and vice tere. 
applications 
Available in gage, absolute, and differential models, 
this new Wiancko achievement will soon be incorpo- 
rated in accelerometers and force rings. For more The Computer Handbook 
detailed information, write for Product Bulletin 108 edited by M. H. Aronson. A clear 
introduction to the entire field of 
electronic computers and data proc- 
essors. Presentation by computer 
manufacturers at the Second Com- 
puter Clinic. Paperbound, 72 pages, 


1956. $2.00 
Wiancko Engineering Company Process Contro! 
255 No. Halstead Avenue e Pasadena, California by A. J. Young. A “must” for all who 
have to do with the automatic con- 


ment for environmental testing and 





trol of industrial processes, this book 
Field Offices combines for the first time the practi- 
cal "how" and the theoretical "why". 
e Eastern e Northern California e Southern California Paperbound, 134 paqes, 1957 (second 

No. 2 South Maple Ave Cowper-Hamilton Bidg 3410 E. Foothill Blvd printing). as $2.00 
Ridgewood, New Jersey Palo Alto, California raneongg di gs: Instruments Publishing Co., Inc. 


Phone: Gilbert 4-2444 Phone: DAvenport 6-7053 Phone 
845 Ridge Ave., Pittsburgh 12, Pa. 
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FREQUENCY 


STANDARDS 





*3%" high 


400 - 1000 ey. 


PRECISION FORK UNIT 
TYPE 50 


Size 1” dia. x 3%" H.* Waght., 4 02. 
Frequencies: 240 to 1000 cycles 
Accuracies:— 

Type 50 (+.02% at —65° to 85°C) 
Type R50 (+.002% at 15° to 35°C) 
Double triode and 5 pigtail parts required 
Input, Tube heater voltage and B voltage 

Output, approx. 5V into 200,000 ohms 


FREQUENCY STANDARD 
TYPE 50L 


33%" 2 $40” & 5%" High 
Weight, 2 lbs. 
Frequencies: 50, 60, 75 or 100 cycles 

Accuracies:— 
Type 50L (+.02% at —65° to 85°C) 
Type R50L (+.002% at 15° to 35°C) 
Output, 3V into 200,000 ohms 
Input, 150 to 300V, B (6V at .6 amps.) 








-_— 


*314” high 


optional 


400 to 500 cy. 


PRECISION FORK UNIT 
TYPE 2003 

Size 142” dia. x 412” H.* Wght. 8 oz. 
Frequencies: 200 to 4000 cycles 
Accuracies:— 

Type ‘2003 (+.027 at —65° to 85°C) 

Type R2003 (+.0020 at 15° to 35°C) 

Type W2003 (+.005° at —65° to 85°C) 
Double triode and 5 pigtail parts required 
Input and output same as Type 50, above 








FREQUENCY STANDARD 
TYPE 2005 
Size, 8” x 8” « 7%” High 
Weight, 14 lbs. 
Frequencies: 50 to 400 cycles 
(Specify) 
Accuracy: +.001% from 20° to 30°C 
Output, 10 Watts at 115 Volts 
Input, 115V. (50 to 400 cycles) 








FREQUENCY STANDARD NV; 
TYPE 2007-6 L£W/ 
TRANSISTORIZED, Silicon Types’ 

Size 144” dia. x 3%" H. Wght. 7 ozs. 

Frequencies: 400 — 500 or 1000 cycles 
Accuracies: 

2007-6 (+ .02% at —50° to +85°C) 
R2007-6 (+.002% at +15° to +35°C) 
W2007-6 (+.005% at —65° to +125°C) 
Input: 10 to 30 Volts, D.C., at 6 ma. 
Output: Multitap, 75 to 100,000 ohms 


FREQUENCY 
STANDARD 


TYPE 2I12Z1A 
Size 

8%" x 19” pane l 

Weight, 25 lbs. 
Output: 115V 
60 cycles, 10 Watt 
Accuracy: 

+.001% from 20° to 30°C 
Input, 115V (50 to 400 cycles) 








FREQUENCY STANDARD 
TYPE 2001-2 
Size 334" x 416” x 6” W.; Woaoht. 26 02. 


Frequencies: 200 to 3000 cycles 


f Accuracy: +.001% at 20° to 30°C 
Output: 5V. at 250,000 ohms 
Input: Heater voltage, 6.3 - 12 - 28 
B voltage, 100 to 300 V., at 5 to 10 ma. 


FREQUENCY 

STANDARD 

TYPE 2111C 
Size, with cover 

10” 4AT”" 0.9 dd 

Panel model 
10" 219" 28%" H. 

Weight, 25 lbs. 
Frequencies: 50 to 1000 cycles 
Accuracy: (+.002% at 15° to 35°C) 
Output: 115V, 75W. Input: 115V, 50 to 75 cycles. 











ACCESSORY UNITS 
for TYPE 2001-2 
L—For low frequencies 
multi-vibrator type, 40-200 cy. 


D—For low frequencies 
counter type, 40-200 cy. 


H—For high freqs, up to 20 KC. 
M—Power Amplifier, 2W output. 


P —Power supply. 








This organization makes frequency standards 
within a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern- 
ment departments, armed forces—where maxi- 
mum accuracy and durability are required. 


WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER 





Telephone: PLaza 7-1430 


American Time Products, Ine. 
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Watch sr 


Timing Systems 








580 Fifth Ave., New York 36, N. Y. 


January 12-14 

Fifth National Symposium on Keli- 
ability and Quality Control, Bellevue- 
Stratford Hotel, Pniladelphia, Penna. 
For information write William H. 
Zombach, Phileo Corp., 4700 Wissa- 
hickon Ave., Philadelphia 44, Penna. 


February 12-13 

Cleveland Sec., IRE, Annual Cleve 
land Electronics Conference, Cleve- 
land Engineering Society Bldg. For 
information write Harry Crows, 8. 
Sterling Co., 5827 Mayfield Rd., 
Cleveland 24, Ohio. 


March 2-6 


Tenth Pittsburgh Conference on An 
alytical Chemistry and Applied Spec- 
troscopy, Penn-Sheraton Hotel, Pitts- 
burgh, Penna. For information write 
Fritz Will, Alcoa Research Labora 
tories, New Kensington, Penna. 


March 3-5 


Western Joint Computer Conference, 
IRE, AIEE, and ACM, Fairmont 
Hotel, San Francisco, Calif., Dr. Rob- 
ert R. Johnson, Chairman, Write Box 
381, Station A., Palo Alto, Calif. 


March 18-20 

Twenty-Second Annual Short Course 
for Superintendents and Operators of 
Water and Sewerage Systems, on 
campus of Louisiana State Univers- 
ity. For information write Fred H. 
Dean, Louisiana State University, 


Baton Rouge 3, Louisiana. 


March 23-26 

I.R.E. National Convention, New York 
Coliseum & Waldorf-Astoria Hotel, 
N. Y. For information write W. C. 
Copp, IRE Adv. Dept., 72 W. 45th St., 
N.Y. 36; Ni -Y. 


March 26 


Fifteenth Annual Quality Control 
Clinic, Rochester Society for Quality 
Control, University of Rochester, 
N. Y. Write Earl D. Hogan, Eastman 
Kodak Co., Kodak Park Works, Eng. 
Div., Bldg 23, Rochester 4, N. Y. 


April 6-7 


2nd National Symposium on Chemical 
& Petroleum Instrumentation, St. 
Louis, Mo. For information write 
H.. S. Knidler, ISA, 313 6th Ave., 
Pittsburgh 22, Penna. 


April 14-15 


Conference on Industrial Instrumenta- 
tion and Control, Illinois Institute Of 
Technology, Chicago, Ill. For informa- 
tion write R. W. Bull, Illinois Insti- 
tute of Technology, 35 West 33rd St., 
Chicago 16, Il. 


November 16-20 


Fifth International Automation Ex- 
position, The New York Trade Show 
Building, 500 Kighth Ave., New York 
City. For information write Richard 
Rimbach Associates, Mgmt., 845 
Ridge Ave., Pittsburgh 12, Penna. 


COMPACT, 3-OUNCE TIME DELAY RELAY 


with silicone-controlled 
delay from 1/4 to 120 seconds 


Worth a closer fook ... the Heinemann Type A Silic-O- 
Netic Relay. Despite its small overall size, the relay offers 
many big performance features. 


For example, double-pole, double-throw switching . . . at 
fast snap-action contact speed. 

The relay is a load carrier in itself: it may be energized 
continuously .. . does not require auxiliary lock-in circuits. 
And it has a hermetically sealed time element that is forever 
free from the effects of aging or fatigue. The Type A Relay 
has proven itself in countless applications; it will give you 
reliable service over a long, long operational life. 


BRIEF SPECS 


Time Delays: from 1/4 to 
seconds 


For full details, refer " Bul- Overall: (Dimensions: 2.1716 

letin T-5002. A copy will be <2" x 19/16 

sent on request. 
Contact Capacity: 3 amps at 
120V AC, 1.5 amps at 240V AC 
non-inductive load), 1 amp at 


50V DC, 0.5 amp at 125V DC 


HEINEMANN 

ELECTRIC COMPANY 

162 Plum St., Trenton 2, N. J. : 8.A. 1678 
For more information circle 46 nquiry card 


December 1958—TInstruments & Automation Page 1947 








For only $250— 


A More Accurate 


HIGH-SPEED MILLIVOLT 


RECORDER 


This highly sensitive ‘American-Microsen’ Series 130 
tecorder, with all its operational advantages, costs les 
than others designed for the same jobs. Simple design, 
precision components and rugged construction assure 
sustained high accuracy and freedom from mainte- 
nance. The recorder withstands shock up to 

gravity 


Since its introduction less than a vear ago, the Series 
130 Recorder has been very successful because it offers 
a more accurate and durable method of recording de 
electrical signals at lower cost. It is being used to record 


outputs of many different electrical transducers — fo: 


MILLIVOLTMETER RECORDER 
PERFORMS 6 FUNCTIONS 


Measures low-level de signals with calibra- 
1 tion accuracy within 0.5° . and sensitivity 
within 0.2 of span. 


Records on 3” continuous strip chart or 
IBM-type ecard chart, with linear feoor- 


dinates, 


Positions recording pen with force many 
thousand times greater than usual direet- 
deflection electrical movements. 


Operates on force-balance principle— 
compensates for ambient conditions, 
changes in power supply and components. 


Records fast—up to 0.05 seconds for 63% 


of fullseale changes. 


Provides span and zero adjustments for 
easy calibration and zero suppression in 
the field, without special equipment. 


measurement of such variables as pH, gas analysis, 
signal strength and others. 

Many laboratories have adapted the Series 130 Re- 
corder to their analytical and scientific instruments to 
assure accurate, permanent records of results which 
previously were only indicated. The Recorder can be 
used with any device which can provide 200 micro- 
amperes or more 1n its output circuit. 

Standard ‘American-Microsen’ Series 130 Recorders 
are priced at $250.00. All models have ample power to 
operate alarm contacts which can be supplied at extra 
cost. Write for Bulletin MG10. 


SPECIFICATION BRIEFS 


POWER SUPPLY: 115 volts POWER REQUIREMENT: 9 watts 
INPUT RANGES: Voltage -- 0-2( ivolts to 0-100 volts de. Current 
0-200 microamperes to 0-100 milliamperes dc. Input Sensitivity — 670( 
ohms per volts 

ACCURACY: + 0.5% of SENSITIVITY: + 0.2% of span 
REPEATABILITY: + 0.25% of span. 

EFFECT OF SUPPLY VOLTAGE: Less than 0.5% error 90-130 

EFFECT OF AMBIENT TEMPERATURE: Less than 0.5 

and less than 1% to 130° F . 


MAXWELL 


[Ml 


TRADE MARK 


NI IYOOW 9 


For more information 
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MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC INSTRUMEN 
orn circle 47 on inquiry card. 


RESPONSE TIME: Fast Speed 0.2 seconds standard for 63% of fullscale 
input change; up to 0.05 seconds for 63% on special order. Slow Speed 


approximately 4 times fast speed setting 

CHART SPEEDS: Strip Chart 1” per hr., standard; 3” or 6” per hr. avail- 
able. Card Chart — 1 rotation per day, standard 

SPAN ADJUSTMENT: ~ 10% of span. ZERO ADJUSTMENT: 
span 


PANEL SPACE REQUIRED: Only 27 square inches 


100% of 


MANNING, MAXWELL & MOORE, INC. 


INDUSTRIAL CONTROLS DIVISION - DANBURY, CONNECTICUT 


TS FOR MEASUREMENT, TRANSMISSION AND CONTROL 








a record of a missile component 
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Visicorder Record—actual six 


Wyle Laboratories in El Segundo, California, have 
used a battery of four Visicorder consoles like the 
one shown (right) to run a series of tests on a vital 
missile component. In the Wyle test project, the 
unique Visicorder consoles are easy to operate. Most 
parameters are low frequency, requiring response on 
the order of 5 to 60 cycles. 

The two calibrator control panels in each Visi- ae 
corder console accommodate 10 plug-in balance and Tom Jackson, Wyle engineer, examines Visicorder record 
matching units—designed to match tachometer gener- The Honeywrtt Visicorper is the first high- 
ators, pressure transducers, thermocouples, expanded- frequency, high-sensitivity direct recording oscil- 
scale voltmeters, etc., to the Heiland galvanometers. lograph. In laboratories and in the field every- 

Dick Johnson, Instrumentation Branch Head at where, instantly-readable Visicorder records are 
Wyle, says, “This system, I feel, is one of the most pointing the way to new advances in product de- 
efficient instrumentation consoles in operation. Set-up sign, rocketry, computing, control, nucleonics 
and calibration time has been reduced by the use of ...in any field where high speed variables are 
Visicorders by approximately 50°7. This is due to the under study. 
simplicity of operation and trouble-free performance. To record high frequency variables—and 
There are nu inking pens to clean, high-gain ampli- monitor them as they are recorded—use the Visi- 
corder Oscillograph. Call your nearest Minne- 
apolis- Honeywell Industrial Sales Office for a 
demonstration. 


fier maintenance, and so on, and we can also use 
these consoles together to form systems of more than 


six channels.” 


Honeywell 


Reference Data: Write for Visicorder Bulletin 
Minneapolis-Honeywell Regulator Co., Industrial Products Group, Heiland Division, 5200 E. Evans Ave., Denver 22, Colorado 
F format e 48 on inquiry card 
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Nylon-Body Solenoid Valve... 
List Priced as Low as $10.75... 


(Quantity Discounts Available) 


Outlasts, Outperforms Steel! 


ALCOR’S new 3-way Nylon solenoid valve, 

SV-54 Series, outlasts and outperforms steel, 
yet is list priced as low as $10.75! In general pur- 
pose and O.E.M. installations, where millions of 
operating cycles are essential, this new Valcor 
valve not only works best but costs less. 

Its nylon seat outlasts steel...its port 
threads outlast steel... pound for pound it’s 
3 times stronger than steel. Dry seal threads, 
no compound is needed— and they won’t loosen 
even under severe vibration. Nylon is non-corro- 
sive so you have no atmospheric problems. And 


SV-54 
Series 


the stainless plunger is a reliable workhorse 
for millions of cycles. Bubble tight sealing. 
Available in normally open, normally closed and 
“directional control” configurations in all nor- 
mal AC and DC voltages...1!°" square x 3” long 
(valve illustrated). 


Write today for complete technical data 
on this shock-resistant, pressure-proof valve — 
the 3-way nylon-body valve, SV-54 Series, that’s 
3 times stronger than steel, yet costs less. Try 
it on your toughest application. 


VA//‘@ NALCOR ENGINEERING CORP. 


SOLENOID VALVES 


1950- Instruments & Automation 


5366 Carnegie Avenue, Kenilworth, New Jersey 
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Panhandle 
Pete 


FANTASIA UNLIMITED 


66 { ya sa\s \ aldo Klappsad 
dle. Sales Manager of 
WESCO!. “We have the 

world by the well-known place with 

our latest fantastic. fabulous and filo- 
sophic Model TR System Analyzer 

Computer-Controller.” Waldo was 

holding his first) press conference 

since his return from a wild-cat trip 
into central West Virginia where he 

has been running down a rumor of a 

new ramp plantation. Waldo has also 

just received a rare honor: he is the 
first man locally to receive the S50 
feward for “Information leading to 




















the arrest and conviction of anvone 





stealing a push-cart from the Long 
Bottom AXP. store” this wife inad- 
vertantly pushed one home one eve- 






ning). As a consequence. Waldo is 
back to his old genial self. 

“What do vou mean. Waldo?” 
asked |. smelling another “first” in 
the instrument industry. “What's hap- 










pened now 7) 

“Well vou wont believe this. Cuz. 
hut we have installed the TR Svstem 
Analyzer on No. 501 Open Hearth 
up at the West Virginia Electronic 
Coke and Petroleum Company and 
turned it loose to start saving moneys 
for them. At this point Waldo reached 
around inte the book case for the 
latest trade magazine to search for 
additional adjectives to enliven” his 
description of TR. but. failing to dis- 
cover what he was looking for. 
whipped out a graph which illus 
trates the wondrous results. 

“See Cuz. how the Tons per Hout 
have been poking alone until July ? 



















1,382,016 





Patented June 21, 1921 










“The principal object of my inven- 
tion is to provide for weighers in. bis- 
cuit-making. cake-making and other 








20 + 


MAP 


See how they jumped up during 
July? Why one can just stand there 
and see the arteries of commerce 
throbbing with new hope. Look at the 
Fuel Rate! We have already had a 
visitor from the Oil Trust. He said 
wed either have to quit making this 
analyzer or else they would have to 
raise the price of fuel oil, And Roof 
Life? Listen. there was a...” 

“Whats that dotted line marked 
M.B.PL7Y TP never saw that on open 
hearth reports.” asked [. breaking in 
on Waldo’s monolog. 

* delegation from the brick in- 
dustry who threatened me bodily in- 
jury, if... huh? Oh. that? That line 
is a plot of the Manager's Blood 
Pressure. You can see how jumpy he 
was up until the time we started the 
analyzer and how smooth it was after- 


wards ee 


“But Waldo. what happened short- 


ly after the first of September? The 
line drops straight down?” [ inter- 


“Yes. a verv sad case. Tsk. tsk. 
tsk.” Here Waldo picked his teeth 
reflectively. “Yep. that was the day 
that the bill for the TR plus’ the 
operating cost came in. The poor 


fellow dropped dead 
Panhandle Pete 


Weight Automation 


establishments. a rapid weight stamp- 
er by which boxes and cans may be 
quickly and efficiently stamped by a 
less number of employees than are 
now required for that purpose. The 
stamper ean be easily attached to the 
back of the fingers and the wrist. 
to permit) any one of a. series of 
rubber stamps to be instantly brought 
to @ position by a bending move- 
ment of a finger on the back of the 
hand to stamp any weight desired 
ona box. can or other object.” 


James I ‘ Rudolph 
Patent 1.382.015 
June 21, 192] 








For your library .. . 


Printed Circuitry 


by Allan Lytel. A valuable working 
tool; includes alternative and recom- 
mended practice for each step in 
design and production of printed 
circuits; a buyer's guide to special 
components; and ‘how to’ service 
data. Paperboard, illustrated, 192 
pages, 1957. $2.00 


Maintenance and Servicing 
of Electrical Instruments 


by James Spencer. Useful to all in- 
strument users, service men, switch- 
board attendants testing engineers, 
and others, this book covers construc- 
tion, testing, applications, principles 
of operation and maintenance of all 
kinds of electrical indicating instru- 
ments. Clothbound, 274 illustrations 


\_280 pages, 1951 (third edition}. $2.00 


Process Control Analysis 


by M. H. Lajoy and E. A. Baillif. An 
essential first step in analysis of 
closed-loop controlled processes via 
frequency response of the system. 
Clothbound, 72 pages, 1956. $2.00 


The Computer Handbook 


edited by M. H. Aronson. A clear 
introduction to the entire field of 
electronic computers and data pro- 
cessors. Presentations by computer 
manufacturers at the Second Com- 
puter Clinic. Paperbound, 72 pages, 
1956. $2.00 


Process Control 


by A. J. Young. A ‘must"’ for all who 
have to do with the automatic con- 
trol of industrial processes, this book 
combines for the first time the practi- 
cal ‘how’ and the theoretical “why”. 
Paperbound, 134 pages, 1957 (second 
printing) $2.00 


Operation and Care of 
Circular-Scale Instruments 


by James Spencer. Includes ‘'trouble” 
charts for d-c, and for a-c_ instru- 
ments; covers d-c instruments, a-c 
ammeters and voltmeters, wattmeters, 
frequency meters, power factor 
meters and synchroscopes. Cloth- 
bound, 90 pages, 1949. $1.50 


Control! Valves 


by C. S. Beard. New ‘one-book’’ ref- 
erence on control valves ... covers 
flow characteristics; mechanical fea- 
tures; valve capacity; sizing; body 
types; positioners; actuators, includ- 
ing d-c, electrohydraulic and qas 
hydraulic actuators. Numerous tables 
and illustrations. Paperbound, 236 
pages, 1957. $2.00 


Instruments Publishing Co. 


845 Ridge Avenue 


Pittsburgh 12, Pa. 
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LE AMOEL LOL PRESENTS 


BALANCES IN 


The METTLER precision balance type K-7T/12 
1 is a very useful and versatile instrument for the 


control laboratory. It does double duty. 
A STRAIGHT 


It serves as a very efficient and fast scale for 
BALANCE FOR 


weighings to a capacity of 800 grams. A built-in 
ALL CONVENTIONAL taring device permits easy taring of containers 

WEIGHINGS to the full 100 gram range of the optical scale. 
Precision: *0.03 grams. 


At other times it is a highly effective “over-under” 

scale. The optical scale is dyed red below the 

zero mark and is graduated for minus readings 

in the red range. By using the built-in mechanical 

weights and taring device any quantity up to 

800 g can be made to read zero on the scale. 

This places the break in color—from clear 

to red— right in the middle of the viewing 
screen. Deviations 


can be read quickly 
yo Ps to an accuracy of 
4 . 0.02 grams. 
AN “OVER-UNDER” 
SCALE INDICATING 


VARIATIONS This unit is just one of 
PRECISELY TO the many in the METTLER 
line of fine balances. Write 
0.02 GRAMS today for full information. 
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MLZICLEAL 


INSTRUMENT CORPORATION 


HIGHTSTOWN, N. J. 
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—MULTITUBE =. 





Une d. erg tous ae rae 


gives lowest cost with permanence 
for Instrument and Control Tubing 


gre 


This construction of CRESCENT ARMORED MUL- 
TITUBE* may be laid ina deep trench for long under- 
ground runs without any further protection other 
than that offered by its lead sheath, asphalted jute, 
two layers of heavy galvanized flat steel armour with 
an asphalt impregnated jute outer covering. 


The economy of this method is obvious. Also the 
copper tubes are completely safe from mechanical 
injury, and the thick asphalted jute coverings protect 
the metal from moisture, corrosion, earth acids and 
alkalies. Under road crossings where very heavy traf- 
fic is encountered, it may be buried in concrete poured 
into the bottom of the trench or it may be pulled 
through conduit. 





Up to 37—!4,”’ O.D. copper tubes may be furnished 
in this and several other forms of CRESCENT 
ARMORED MULTITUBE, one of which should best 
suit your installation requirements at substantial cost 
savings and resulting in a better protected job. 


Licensed under U. S. Patent 2,578,280. 


For Further Information Send for 
NEW Engineering Bulletin No. 356-A. 


COPPER TUBES 
SPIRALLY CABLED INSULATING LEAD GALVANIZED ASPHALTED 


for flexibility TAPE a ARMOR JUTE 
JUTE 


CRESCENT INSULATED WIRE AND CABLE CO. 
TRENTON, NEW JERSEY 
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BOOK 
Reviews 


Nichtlineare Regelungsvorgange. 
edited by Dr. Wolfgang Hahn. R. 


Oldenbourg Verlag. Rosenheimes 





Str. 145. Munich. West Germany. 
|< 1950]. 6147x910”, hard cover. LOT 
p.. DM 11.20. Contains five paper= 


delivered at meeting of Fachausschus- 
Regelungsmathematik of the Gesell 
schaft) fur angewandte Mathem itik 
und Mechanik (GAMM). Darmstadt. 
September 6. 1955. dealing with non- 
systems. Papers are 


linear regulating 
by dis- 


supplemented in this book 
cussions and additions. 


Punched Cards, Their \pplication 
to Science and Industry. edited by 
Robert S. Casey. James W. Perry. 
Madeline M. Berry and Allen Kent. 
Reinhold Publishing Corp.. 430 Park 
Ave., New York 22. N. Y. je 1958 |. 
697 p. $15, 914”. Thoroughly re- 
vised and enlarged edition 
Includes hand- and 
and is intended 


Sec ond 
machine-sorte | 
cards, as elementary 
manual and advanced 


also how to find. 


instruction 
handbook. 


* use. store and 


Shows 
retrieve in 


arrange 
formation of any kind. 


Introduction to Symbolic Logic 
and its Applications by Rudolf 


a revised translation from the 
Germag. [¢1958) Dover Publications. 
Inc... 920 Broadway. New York 10. 
N. Y., 241 p.. 5-32” x 8”, paper- 
bound. $1.85. Symbole or mathe- 
matical logistic is the ap- 
plication of symbols in) various do- 
(notably in mathe- 
biology) as a 


logic. ol 


mains of science 
matics, physics. and 


means of communication, to express 


any theory about any objects what- 
ever. The book develops such oa 
“language” and by means of prob- 


lems, examples and exercises gives 


the student practice in the techniques 


of symbolic logic. 





Insulation Testing by D-C Meth- 
ods by E. B. Curdis fe 1958 | James 
J. Biddle Co.. 1316 Arch St.. Phila. 


Pa. 43 b. 82.00 paperbound, €1.” 
xX l ge Book describes basic pi inel- 
ples, using uncomplicated —mathe- 


matics, interpretation of tests by the 
step-voltage method. and test equip- 
ment requirements. Contains numer- 
ous tabulated test-set selection guides 
and extensive bibliography. 


Graphical Symbols for Fluid 
Power Diagrams, ASA Y32.0-1958 


fc 1958.] American Society of Me- 
chanical Engineers. 29 West 39th St.. 
New York 18 N.Y. 16 p. $1.50. 


FULTON 





Absorb Expansion Thermal o: pressure ex- 
pansion is absorbed by this assembly. With 
suitable heads, it can serve as a liquid or gas 
reservoi as an oil reservoir for an 









Control Movement Converts pressure effects 
inside the bellows into controlled movement. 
Another assembly accomplishes the same job 
with pressure applied within an external cup. 


MOVEMENT 


Absorb Vibration, Expansion Used as pack- 
less, leakiess expansion joints to absorb thermal 
expansion of steam and water lines, and to 
absorb vibration or provide flexible connec- 
tions in other applications. 


MOVEMENT 


! 
Seal Packless Valves Seamiess metal Syi- 
phon® bellows replace packing to form leak- 
proof valves that never need re-packing. Also 
used to seal stem movement or adjustment. 


(Cost-Saviig 
IDEA STARTERS 


etl 





SEAMLESS METAL SYLPHON" BELLOWS 








Seal Flexible Joints Used to seal a flexible 
joint or mechanical movement of levers, link- 
age, etc., against leakage where the movement. . 
must be conveyed outsde an encosure, nn. 





Fulton Sylphon Bellows Assemblies 


Does one of these bellows applications spark an idea for 
improved design or cost reduction for your product? 
Your application idea combined with our half-century 
of experience in making custom-engineered bellows as- 
semblies may lead to tangible benefits for your company. 
Write for Engineering Service or Catalog XL-1400. 


, “a 

i” ade a 
i, Ki] AG 
PpwWwUYUS 





December 1958 


SYLPHON DIVISION - 


CONTROLS COMPANY 
Knoxville 1, Tennessee 
54 


Instruments & Automation— Page 1955 








... the key to highly dependable tests 


at AMP Incorporated’s research lab 


Investigation of thermals generated by termi- 
nals under high ambient temperatures is one ap- 
plication of Speedomax H instruments in the re- 
search laboratories of Aircraft-Marine Products, 
Inc., Harrisburg, Pa. A Speedomax H Recorder, 
out of view to the right of the operator, records 
the 1000 F temperature of the furnace in which 
the terminals are being heated. An L&N Stabi- 
lized Preamplifier with a Speedomax H = zero- 
center millivolt recorder plots the thermals gen- 
erated by these terminals. Continuous operation 
without instrument failure ‘the average test runs 
about Jy) hours) and reproducibility of tests 
within 1 uv are two advantages of this equipment. 

In this same laboratory where new and im- 
proved products are being developed and_ tested 
to supplement AMP’s wide variety of terminals, 
connectors, plugs, etc., for the electronic, aircraft 
and other industries, a Speedomax H_ 2-action 
D.A.T. Controller is used. This instrument pre- 
cisely regulates the temperature of an electric 
batch-type furnace to within +2 F. The flexibil- 
ity of this control helps them meet a variety of 
test conditions in investigating the effects of heat 
on various connector insulation materials. The in- 
strument’s manual rate of approach dial brings 
the test material up to working temperature in the 
shortest possible time without overshoot. It also 
permits rapid recovery of the test temperature 
when the sample or the control point is changed. 

In many research applications where tempera- 
tures, pH, voltage, speed, etc., are being studied, 
a Speedomax H Recorder or Controller can fill 
your requirements for a high quality instrument 
that saves bench space, is low in cost and is avail- 
able for quick delivery (two to four weeks after 
order is received). For more information, write 
to Leeds & Northrup Co., 4955 Stenton Ave., 
Phila. 44, Pa., for Data Sheets ND46-33 ( 100-106). 


LEEDS . NORTHRUP 


Instruments Automatic Controls « Furnaces 


For more information circle 55 on inquiry card. 
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STATE-of-the-art survey of any field should 

have perspective. It should report the new de 
velopments. but it should also interpret them in the 
light of existing techniques in general practice. This 
is a most difficult task. seldom realized. 


Electronic Control 

Much publicity has been given to the threefold 
increased in 1958 in general-purpose electronic process: 
control systems (from two to six lines). There is little 
basic significance in this. 

As the market for electronic controllers showed 
no evidence of any expansion by a factor of three (on 
even two} in 1958. these new lines mean strongly in 
creased competition for the electronic market (not al- 
ways a constructive development!. More happily. it 
could) put an end to the fruitless pneumatic versus 
electronic debates of the past. Perhaps now we. shall 
see more quantitative studies such as analog-com- 
puter simulations. which could conceivably prove 
economies (resulting from the response speed of elec- 
tronic systems) of a magnitude sufficient to expand 
the electronic process control market significantly. 

This leads, directly, to one aspect of instrumentation 
wherein significant things did happen during the 


vear. This is “systems engineering. 


Systems Engineering 


As readers of 7&4 throughout the vear know. we 
devoted considerable editorial emphasis to debunking 
exaggerated systems claims. Many newer publications 
in this field made claims that were so misleading and 
out-of-touch with reality that an entire issue of 7&4 
was devoted to an attempt to place the systems con- 
cept in perspective. However. many established firms 
made large investments in anticipation of an explosive 
systems market that did not materialize in 1958. Most 
systems firms and systems divisions are only now 
obtaining projects: it was of this that we warned the 
industry while we reported the techniques for optimum 
systems design and optimum control. 

The computer (analog or digital) has possible ap- 
plication in three ways—(1) design. (2) operations, 
such as linear programming. or (3) control, as in 
optimum control. It was the implications of the latter 
use that caused the rash of systems speculation (and 
expenditures) in 1958— but it will be at least several 
years before this phase of instrumentation can prove 
its economic justification. As even a small computer-in- 
control situation requires an expenditure of $100.000 


or more. economic justification must precede, not 
follow, the growth of this market. 





INSTRUMENTATION 1958 






editorial 








Phe significant development of 1958 in this field 
was that systems divisions and firms found an ap- 
preciable number of industrial firms willing and able 
to enter into cooperative study projects associated 
with control computers. Thus there are now to our 
knowledge at least 18 industrial processes and oper- 
ations being carefully investigated and prepared for 
computer-eontrol analysis. These processes are in 
many different) industries petrochemical, iron and 
steel, cement manufacturing. power generation. Many 
are publicized: others are proceeding under wraps. 

These projects must be considered study projects 

the main products will be logged data. The unique 
feature is that the data will include operating guides 
to indicate process efficiency. For example, in’ one 
project. L600) process variables are used to compute 
27 operating guides (eatalyst circulation rate, carbon 
burning rate. material balance. ete.) 

Just what the eventual significance of these data 
may mean in all the projects under way will not be 
established with finality for one to three years. The 
projects are being closely watched by your editors: 
an attempt to interpret the early results will be made 


near the end of 1959, 


Analog Computers 


Industrial uses of analog computers also increased 
significantly in 1958—but mostly by computer services. 
Sales of analog computers to industry did not reach 
anticipated. size. 

This is doubly unfortunate. Only the analog com- 
puter can establish the many inter-relationships of 
variables which should be known even before digital 
control becomes prac tical. The latter oecurs only after 
the relationships are known. Today many of these are 
assumed: this uncertainty could be reduced by greater | 
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and thereby registers the end of thirty-one 
years of Instruments and Automation’s 
service to users of measurement and con- 
trol devices—service to THE UNITED 
STATES OF AMERICA 


y 
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ag The entire staff of Instruments and Automation 
ug wishes you 
a Srasou's Greetings 
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LESLIE - lifetime control valves... 


A complete line for precise 
power applications se 


r 


* 
§ 


ay, 


iS 


Leslie Co. offers a wide range of single seated valves in sizes Yy” to 
16” and double seated control valves. In addition, there are many 
new standard valves designed specifically for power industry applica- 
tions in both sub-critical and super-critical power generating stations. 
Valves are available with these power service features: 
@ Exclusive Leslie seat protections eliminate erosion problems in high-pressure 
drop throttling services. 
New Leslie "cage" construction permits replacement of inner valves, seats 
and guides without removing valve body from the line. Down-time for 
replacement or inspection is cut to a minimum less than 20 minutes. 
Control valves in extremely severe high-pressure drop service have infinite 
rangeability. 
Stellite faced and solid stellite inner valves and seating surfaces for maximum 
erosion resistance. 
Leslie control valves are designed to handle hot and flashing con- 
densate temperatures to 11S50°F per ASA rating. They are 
providing reliable service under extremely severe operating conditions 
in a variety of central station applications such as: 
© Condensate drains from feedwater heaters 
© Boiler feed pump recirculation 
@ Desuperheater spray water control 
e Turbine lead drain remote manual start-up control 
You may choose from a variety of sizes and diaphragm actuators to 
accommodate almost any operating air supply up to 100 psi. In 
addition, electro-mechanical, pneumatic cylinder and electro-hydraulic 
actuators can be supplied. 
For specific engineering data, write today for data sheets illustrating 
the cage trim construction and other Leslie features. 


REGULATORS and CONTROLLERS 


LESLIE CO., 299 Grant Avenue, Lyndhurst, New Jersey 

















EDITORIAL —continuep 


use of the analog computer as we have “preached” 


for four years. 

Inasmuch as this knowledge of inter-relationships of 
variables is a prerequisite to computer control, and in- 
asmuch as the implications of computer control have 
led industry into an expenditure of several millions of 
dollars. we make the following suggestion for 1959: 
A combined and cooperative analog-computer digital- 
logger-controller-computer study could be achieved at 
a cost not much more than the cost of either alone 
and the results may well show that only the use of 
combined techniques makes either one economic, Oh- 
viously, deep analysis of any problem should involve 
the best of analog (simulation) and digital (logging. 
computing | techniques. It is interesting to note that 
there are three firms emphasizing industrial com- 
puter-control, and three general-purpose analog-com- 
puter firrS emphasizing industrial simulation. We sug- 
vest that three important partnership arrangements are 
in order. We predict that such partnerships would be 
immensely fruitful to both partners. to industry in 
general. and to the instrument industry. 

As 1958 ends. we welcome a new analog-computer 
firm to the nation Electro Precision Corporation of 
Arkansas. marketing a “Collegiate” analog computer 
We hope. for the sake of our nation’s educational 
state. that many of these find their way into Ameri- 
can colleges and universities. 

This leads us to the subject of education in) LO5& 


Education 

A false and dangerous theory found wide acceptance 
in technical circles in L958. Editors. civic leaders. com- 
mentators, Committee chairmen and, worst of all. uni- 
versity academic groups. all found themselves agree- 
ing with a proposition that is not only not true but 
actually harmful to the nation and to the instrument in- 
dustry in particular. This is the “logical” premise 
that education should be either highly theoretical or 
highly vocational: that the theoretical and academic 
curriculum should use little or no equipments or hard- 
ware. and that such hardware should be reserved for 
the vocational and technician levels. 

This “or” concept. so widely believed. is a threat 
to the instrument industry. to education. and to the 
nation. As far as the instrument industry is concerned. 
it means that instruments would not be used in high 
schools or in any academic curricula: as far as edu- 
cation is concerned it means that the great motiva- 
tion appeal of modern instrumentation would not be 
used to capture students and guide them into science: 
as far as the nation is concerned it means that academ- 
ic students will receive deadeningly dull theoretical 
subjects with little relation to the actual physical 
world, and that engineers and scientists will eraduate 
from college with little knowledge of modern instru- 
mentation. Nor is this exaggeration: it already has oc- 
curred to an alarming degree. 

The entire “OR” concept is false. A good curriculum 
should contain the optimum amounts of theory “AND” 
hardware to achieve the desired educational objective. 
be it academic or vocational. Yet the “OR” concept is 





~o widely held that we have on record some leading 
electronics authors saying that electronics should not 
he taught in the high school: we even have the Foun- 
dation for Instrument Education and Research saying 
that Instrumentation should not be taught in the high 
ba | hool! 

This subject is of such importance that it will be 


treated in detail in our next issue. 


Nucleonics 

With 38.000) scientists and engineers already em 
ployed in nuclear work. universities are emphasizing 
reactor education. A nuclear package complete with 
subcritical reactor was placed on the market in 1956 
ata price of $30,000. The market for reactor simu- 
lators also is promising. 

Highlight of the vear in the field of nucleonics was 
the Second United Nations Conference in the Peace- 
ful Uses of Atomie Energy. held in Geneva in Sep- 
tember, 1958. It was attended by 5000 delegates and 
observers from 67 countries. and 2300 papers were 
presented. probably the largest scientific gathering ever 
held. 

The vast number of papers on this subject alone 
inucleonics) emphasizes the growing importance of 
another field of technieal activity which falls into the 


“instrumentation” category. 


Information Retrieval 

This is information retrieval —the abstracting. classi- 
fying. sorting. filing and retrieving of information con- 
tained in reports. books. manuscripts and articles 
and in many languages. There are more than 1500 


é different scientific and technical professional groups 


and societies in USA and Canada. As many as 2000 
papers are produced in one year by. one society. and 
the cross-interest in technical work means that all fields 
need be monitored by all others. Information process- 
ing. which will be the subject of an International Con- 
ference in Paris. June 15-20. 1959. is a field to watch 


in L959, 


The Market in 1959 

It is fashionable to predict a healthy and expanding 
economy. Complete with increased productivity due to 
greater use of instrumentation. But anybody who 
closes his eves to the dark clouds on the horizon is 
indulging in wishful thinking. a fairly common habit 
today. 

There are still more than 4 million unemployed in 
the USA; military expenditures are admitted to be 
beth an economic crutch and a military necessity (leav- 
ing humanity with the unconscious choice between 
depression and nuclear war): industrial productivity 
increase has fallen to the low figure of 1{¢ (by some 
reports): the education problem deepens every month. 
and not only technologically. These are the types of 
problems. some of which today appear almost un- 
solvable. that will determine whether the nation 


and our industry—remains healthy in 1959, Who 


then can predict a happy or prosperous future with- 
out discussion of these problems? Not even a popula- 


MHA 


tion increase can be predicted safely today. 
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Soviet Trends in Computers for Control of 


A clear and thorough résumé of the state of Soviet computer 
art, including general-purpose and special-purpose analog com- 
puters, network analogs, “programmed and reflection” process 
control computers, and optimum parameter control computers. 
Last month this report discussed Soviet computers for opera- 


tions research and simulation studies. The report continues 


with a description of a special-purpose computer. 


Group I|—Computer Devices for the 
Computation of Complex Parameters 


Manufacturing processes can be characterized by 
certain parameters to be used as control information. 
In most cases those parameters are ordinary values 
representing the process from one aspect only. Usually, 
however, a single parameter is not sufficient for con- 
trolling the process as a whole. Therefore, there arises 
the necessity of obtaining certain complex, integral or 
statistical parameters that give a more complete repre- 
sentation of the process, 

Such complex parameters are typical for the control 
of processes which either proceed at faster rates or 
are of a complex structure involving many interde- 
pendent parameters. In blast furnace controls for ex- 
ample, Prof. Sorokin, from the Donetz Industrial In- 
stitute. considers such complex variables as the ef- 
fective capacity (the specific consumption of carbon 
in kg per ton of cast iron) and the blast furnace out 
put (tons per minute). 

For obtaining these two complex parameters it is 
necessary to continuously solve two nonlinear relations 
containing several variable parameters received from 
instruments installed on the blast furnace. 

Examples of the use of complex process data may be 
cited from different branches of technique—chemistry, 
metallurgy, oil refining, etc. Similar problems are en- 
countered in determination of operation conditions of 
routines for any given process or plant, using initial 


process data. 


Cutting Ratings Computer 


An example of a computer for operational routines 
is the general-purpose cuttings rating computer used 
for determination of optimal cutting conditions for 
most widely used machining operations—turning, mill- 
ing, and drilling. This computer (Fig. 6) can be ap- 
plied also in technical rating and for research work 
in laboratories dealing with cutting processes. 

The computer circuit is constructed on the principle 
that all of the formulas used for determining the cut- 


. 
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ting operational conditions (Fig. 8) can be brought to 
the transcendental form: 


n 


b 
an l 


where a; and b, are actual values. The unknown may 
be any of the values a; or b;. Values b, may be positive 
or negative, while value a; may be positive only. 

The tubeless circuit of the computer (Fig. 7) is 
designed on the compensation principle. All the 
potentiometers (on which the desired values and the 
value to be sought are preset) are connected, through 
resistors, with a common null galvanometer in which 
all currents flowing across the resistors are summed. 
When the galvanometer pointer is set at zero, the 
graduated scale on the front panel gives the required 
values with an accuracy sufficient for practical needs 
(the instrument error not exceeding several per cent). 
For simplification, the computer does not solve the 
formulas given in the Table of Fig. 8 but. rather, the 
logarithms of the relations. However, the readings of 
the variables are finally obtained in natural values 
calibrated on the scales of the computer knobs. 

The computer is designed mainly for data concern- 
ing the working of structural carbon and alloy steels 
(including heat-resisting steels), and gray and malle- 
able cast iron, when using tools made of hard alloy 
and steel, Up to 23 different variables (such as work 
diameter, cutting speed, admissible feed, spindle num- 
ber of revolutions, depth of cutting, number of cutter 
strokes, machine time, motor capacity, and others) can 
be inserted into the computer. Taking several of these 
values for a base, it is possible, referring to the formu- 
las given in Fig. 8, to rapidly compute the parameter 
which is dependent on these values. 

Prof. Pankin supports the view that optimum op- 
erational routines can double the average output in 
machine time against values recommended in hand- 
books. 

In addition to routine decision making, the com- 
puter also permits choosing the most appropriate 
type of machine-tool, cutter, and mode of fixation. 





Manufacturing Processes 


V. B. USHAKOV 


Scientist. Moscow University 


. 6. COMPUTER + 


Phe time required for routine decision making is tr 
duced to approximately 2 or 3 minutes. The com 
puter can be operated from a 220-v. 127-v or 36-5 
single-phase line, Its weight does not exceed 25 ke. 
Note that the values are inserted manually into 
the cuttings ratings computer by the operator: com 
puters for the determination of complex process data 
can receive input automatically from sensers connected 


to the controllable process. 


Group IIl—Computers for Training of Process 
Operators 

Phis class of computing machines includes complex 

simulators for training crews for aeroplanes and op 

erators of atomic power stations. high-speed rolling 

mills. ete, Such computers. simulating the dynamics 


of the process are rather complicated and similar in FIG. 7. SCHEMATIC 


design to computers of the first: group. their distin 





euishing feature being that thev usually operate in | Next month this report continues with 


real time and include the operators being trained. computers tor automatic process control, 
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Terms and Definitions 
for the Weighing Industry 


ANALYTICAL BALANCE, n. An 


characterized by 


equal-arm balance 
tsmall SR) and 


exceeding 200) grams}. and 


great sensitiveness 


small capacity (rarely 
usually provided with an auxiliary device to permit 
readily of the designed or purported refinement of 


weighing. 


APOTHECARIES' SYSTEM, nv. The system of units for- 
merly in universal use in the United States of America 
and England for weighing and measuring drugs and 
compounding prescriptions. (1) The system of mass 


the dram beine 
3, 


units Includes the ounce of & drams. 
divided into 3 scruples of 20 grains each. | The sys 


fluid 


diy ided 


ounce af G 
inte 60) 


units includes the 


fluid 


tem of volume 
fluid 


minims 


drams. the dram being 


ASSAY BALANCE, n. \ very 


equal arm and of one gram capacity. especially adapted 


sensitive balance. usually 


for use in assaying. 


AVOIRDUPOIS SYSTEM, n. The system of mass units in 
common use in English-speaking countries for weigh 
commodities precious 


ing commercially all except 


stones. precious metals. and drugs. Its fundamental 
unit is the pound of 7000 grains. and divided into 16 
ounces of 437.5 grains each. The avoirdupois pound is 


equal to 453.5924277 grams. 
| 


BALANCE, n. (1) 


simplest 


An instrument for werghing: in its 


form. an equal-arm weighbeam with = sus- 


pended pans. 


BIFURCATED, adj. Divided into two branches 


BUOYANCY, n. 


an immersed or floating body by the fluid (air. water. 


The upward pressure exerted upon 


etc.) which surrounds it: a factor in precision weigh 
ing. See Weight (1). 


CARAT, n. A unit of mass for precious stones. especi- 
ally diamonds and pearls. equal to 200° milligrams: 
originally known as the International Metric Carat. 


and sometimes now referred to as the Metric Carat. 


COUNTERPOISE WEIGHT, 1. 


(usually) slotted weight. intended to counterpoise an 


\n adjusted. removable 


Prepared by the Terminology Committee of the Scale Manu 
facturers Association, Ine.. One Thomas Cirele, Washington 
> pp. C. 


Abstracted from book of same title, price S100, 
Vol, 31 
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applied load of designated weight value. Sometimes 
called Counterweight. Cf. Bottle 
Counterbalance Weight. Hanger Weight. 


also colloquially 
Weight. 


CREEP, 2. 


additional 


With respect to certain types of springs. 


deformation without) inerease in’ applied 
load. as a result of leaving the load applied for a 


substantial leneth of time. Cf. Hysteresis. 


DYNAMOMETER, nv. \n apparatus for measuring force 
or power, such as the brake horsepower of a steam 
or internal combustion engine or of an electric motor. 
or the drawhar pull of a locomotive. 


GRAIN, n. 11) 


pois. troy and apothecaries’ systems. equal to 1 7000 


A unit of mass common to the avoirdu- 


of an avoirdupois pound. or | 5760 of troy or apothe 
caries pound, or 64.7969 milligrams. (2) The un-. 
husked or threshed fruits of food 
plants. 


seeds Or Various 


GRAM, n. The fundamental unit of mass in the Metric 
System: O.OOL of the mass of the International Proto 
type Kilogram. The basic relation between mass units 
of the Customary and Metric Systems is: one pound 
153.5924277 grams. The gram is equal 


15.4324 erains. 


avoirdupois 
to LOOO milligrams. of 


GRAVITY, nn. The accelerating tendency of bodies to 
ward the center of the earth. Its svmbol is “ge. and its 
value. which varies from place to place. is about 980 


em tor 32.16 ft) per second per second, 


GROSS TON, n. \ Lone ton. 


INTERNATIONAL BUREAU OF WEIGHTS AND MEAS- 
URES, n. A 
France. through the cooperation of some 33 countries. 
including the United States of America. This bureau 
maintains the international standards of length and 
and certifies Na- 


tional Standards submitted for that) purpose. 


scientific bureau maintained at Sevres. 


mass. and periodically compares 


INTERNATIONAL PROTOTYPE KILOGRAM, nv. The ey! 
inder of platinum-iridium deposited at the Internation- 
al Bureau of Weights and Measures and declared to be 
the international prototype of the kilogram by the 
First General Conference on Weights and Measures. 


This is the fundamental Standard from which all metric 


standards of mass are derived. Cf. Kilogram. National 
Prototype Kilogram No, 20, 














INTERNATIONAL PROTOTYPE METER, ». The bar of 
platinum-iridium deposited at the international Bureau 
of Weights and Measures and declared to be the inter 
national prototype of the meter by the First General 
Conference on Weights and Measures. This is) the 
fundamental Standard from which all metric standards 
of Jeneths are derived. Cf Meter. National Prototype 
Meter No. 27. 


METRIC TON, n. 1000 kilograms 


METROLOGY, nv. The science of weights and measures. 


MOTION WEIGHING, nn. The weighing of loads without 


causing them to come to a stop on the load receiving 


element of a scale. 


NATIONAL CONFERENCE ON WEIGHTS AND MEAS- 
URES, n. An organization of weights and measures 
officials of the United States which meets annually at 
the National Bureau of Standards. Washington. D.C. 


NATIONAL SCALE MEN'S ASSOCIATION, n. An organi 
zation of persons interested in’ the design. manufac 
ture. installation. maintenance. testing and operation 
of weighing equipment in the United States and 


Canada. 


OUNCE, n. Kither of two different units of mass. one 
in the Avoirdupois system and one common to the 
Troy and Apothecaries’ Systems. (1) the Avoirdupois 
Ounce is equal to L 16 avoirdupois pound or 437.5 
grains. or 26.3495 grams. (2) The Troy or Apothe- 
caries’ Ounce is equal to 1 12 trov or apothecaries’ 
pound or 480 grains. or 31.1035 grams. (The ounce is 
also a unit of capat itv in the customary and apothe 


caries’ systems of fluid measure. ! 


PERCENTAGE SCALE, nn. An unequal-arm = seale. es 
pecially designed for indicating in percent the loss in 
weight of a sample after cleaning. drying ete.: some- 
times also equipped to indicate the weight per bushel 
of grain, of which a sample of specified volume is the 


applied load. Sometimes also called Moisture Percent: 


age Seale. Cf. Grain Tester. 





POISE, n. A weighbeam element. adjusted as to. its 
weight. movable parallel to the longitudinal axis of 
the weighbeam. whose position with reference to the 
eraduations on the bar with which it is associated. ot 
with reference to a fixed index. constitutes the weight 
indication. Sometimes colloquially called Pea. Cf. 


Turnover Poise. 


POUND, n. Kither of two different units of mass. one 
in the Avoirdupois System and one common to the 
Trov and Apothecaries’ Systems. (1) The Avojrdupois 
Pound is equal to 7000 grains. or 453.5924277 grams. 











and is divided into 16 ounces. (2) The Troy. or 


\potheearies’ Pound (rarely used) is equal to 5°60 
erains. or 373.242 grams. and is divided into 12 


ounces, 


PRESCRIPTION SCALE OR PRESCRIPTION BALANCE, n. 
\ Scale. usually an equal-arm scale of small capacity. 
especially designed or adapted for the weighing of 
ingredients of medicinal and other formulas prescribed 
by physicians and others and entering into the ordi- 
nary trade of pharmacists and chemists. Prescription 
scales identified as Class A or Class B. according to 


their accuraey and sensitiveness. 


PROVING LEVER, n. One of (usually) a pair of levers 


of the first class especially designed or adapted for 





use with a complement of standard weights to apply 
known force or load to the weighing table of a testing 


machine. 


PROVING RING, n. An elastic ring. suitable for cali- 
brating a testing machine. in which the deformation 
of the ring under diametral load is measured by means 
ofa micrometer scTeW and a vibrating reed mounted 


diametrically in the ring. 


SENSIBILITY RECIPROCAL (SR), n. The change in 
applied load required to change the position of equili- 
brium of a weighbeam or indicator a definite amount: 
in a seale equipped with a weighbeam and trig loop 
without over-and-under device. the change in applied 
load required to change the position of equilibrium 
of the weighbeam from the midpoint of its travel to 
either limit thereof. The term has no application in 
the case of an automatic indicating seale. 


SPRING SCALE, n. A scale in which the applied load 
is counter-poised, either directly or indirectly through 
a lever train, by a counter force induced axially in a 
helical spring. whose extension is translated by suitable 
means into an indication of weight value. Sometimes 


also colloquially called Spring Balance. 


STANDARD WEIGHT, n. \ weight expressly designed 
and constructed for testing weights of lower classes and 
sometimes also used in weighing operations demanding 


relatively high precision, 


TARE, n. The weight of an empty container or vehicle. 
or of spools, cores or wrappings. or the allowance ot 


deduction from eross weight made on account thereof, 


WEIGHBEAM, n. In a scale of other than the automatic 
indicating or automatic recording types. that element 
whose angular position denotes the balance condition. 
In a more restricted sense. the device or assembly upon 
which, by the manipulation of poises and or counter- 
poise weights. the applied load is counterpoised and 
its weight value indicated. Sometimes also colloquially 


called Beam. 
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WEIGHT 


4 survey of weighing techniques. including 
the various types of weight. spring. cur- 


rent. buoyaney and load-cell equipments. 


EIGHT is the force with which a mass is at 
tracted the of the 
gravity. It is measured by applying an opposing force 


toward center earth by 
of known magnitude. which balances the unknown 
force (weight). Its importance in measurement can 
be 


mately to the three fundamental measurements of 
factors 


not overestimated——all measurements refer ulti; 


length, time, and mass. The conversion for 
units of mass are given in Table 1. 

methods for weight measure 
ment (a) 


a known weight, (2) a pneumatic force, (3) spring 


There are six basic 
that is. six basic types of opposing forces: 


force, (4) bouyancy force. (5) magnetic force due 
to current, and (6) reaction of an elastic solid. hydrau 


lic or pneumatic load cell. 


M. H. ARONSON 


Weight Balances 
The use of a known weight as the opposing force 
is perhaps the most accurate of all quantitative meas- 
urements because the force due to weight is deter- 
mined directly by the force of 
Weights are used in several different types of bal- 
ances and scales, usually being compared on opposite 


invariable eravily. 


side of a weighbeam., 


Beam Balance Fundamentals 
\ few 


systems should be kept in mind when selecting or oper- 


fundamental factors about levers and beam 


ating weight-balance systems. One is the relation be 
tween center-of-gravity of the system and = sensitivity 


of the balance. 


TABLE 1—CONVERSION FACTORS FOR UNITS OF MASS 





grain 

apothecary scruple 
pennyweight 

avoirdupois dram 
apothecary dram 
avoirdupois ounce 
apothecary or troy ounce 
apothecary or troy pound 
avoirdupois pound 
milligram 

gram 

kilogram 


Values in boldface are exact values 


Units of mass less than pounds and kilograms 


Grains oe Pennyweights Avoirdupois drams 





036 571 43 
731 428 6 
77 714 3 


0. 041 666 67 
333 3 
1.2 
. 367 187 5 
194 2h) 


. 875 


N@wmooo 


nano 
Ge om me ts 
as 


291. 666 7 
0.000 643 014 8 
0. 643 014 85 
643. 014 85 


> 


771 618 
771 618 
617 8 


O15 432 356 
432 356 
356 


564 383 3 
383 32 


Apothecaries’ or 
troy pounds 


Apothecaries’ or 


1 
troy ounces Milligrams 


Avoirdupois pounds | 





grain 
apothecary scruple 
pennvweight 

avoirdupois dram 
apothecary dram 
avoirdupois ounce 
apothecary or troy ounce 
apothecary or troy pound 
avoirdupois pound 
milligram 

gram 

kilogram 


Avoirdupois 
ounces 


avoirdupois ounce 
avoirdupois pound 
short hundredweight 
short ton = 
long ton = 
kilogram 

metric ton 


EE 


083 33 0.000 173 611 
666 7 0.003 472 222 
0.004 166 667 

5 966 146 0 906 
571 429 
075 954 861 

. 083 333 33 571 43 

| 857 1 

215 277 8 } } 
002 204 62) 

l0. 204 62 
: | 


0. 002 679 23 


2. 679 228 5 622 341 


Units of mass greater than avoirdupois ounces 


| 3 nundrec 
| Avotrdupois pounds — : Short tons | Long tons 
| 
————_|- 
| 


. 000 027 901 


0 000 446 428 
044 642 86 
0. 892 


857 | 
FT 
102 311 210.000 
‘ 984 


0.000 625 0. 000 031 25 
0. 01 0. 000 5 
| 4 0. 05 
20 ii 
2 240 |1. 12 


22. 
2. 204 622 34 0.022 046 223)0. 001 
2 204. 622 34 \22. 046 223 1.102 311 2 


984 206 4 
206 40 


000 564 383 : 


64. 798 YI8 


| 
} 


A pothecaries’ drams 


) 666 7 
333 


Grams 


Avoirdupois ounces 


| 


273 96 | 


96 


Kilograms 


978 
174 
845 
7 935 
527 
481 
77 


427 


Kilograms 


0. 028 349 53 


0. 064 798 9180 


4 
0 
4 


006 
001 
001 
001 
003 


064 798 § 
295 

555 

771 

887 9: 
349 5: 
103 


| Metric tons 


10. 000 028 349 53 


0. 453 592 427 7/0. 000 453 592 43 


45. 359 243 
907. 184 86 
016. 047 04 


10. 045 359 243 
184 86 
5 047 04 





Phe weighbeam has a fulerum. The imaginary line, 
parallel to the beam. whichepasses through the fulerum 
is often called a “range line.” If the center of gravity 
of the weighing system is below this range line, any 
motion of the beam causes a pendulum-type restoring 
force, and the beam seeks a stable equilibrium point. 
The system is thus stable and seeking—-that it. it seeks 
an equilibrium point. Analytical balances are. stable 
and seeking. and usually have a means either for 
raising the center of gravity to increase the sensitivity 
or lowering it to reduce the sensitivity. 

If the center of gravity of the system is above the 
range line. any deviation of the beam from equilibrium 
causes the system te go further out of balance: the 
system is unstable and goes out of balance in an ac- 
celerated manner, It is sometimes referred to as an 
acceleration balance. 

If the center of gravity is on the range line, the 
balance has a theoretically infinite sensitivity. limited 


of course by frietion in the pivot. It also has an 


important feature--it is insensitive to orientation and 


need not be level. This fact is used in some industrial 
scales. as will be shown. As the system has no re- 
storing force. it is called a dead system, and requires 
some other means to effect a balance. such as a spring 


or torsion element. 


Balance Sensitivity 

The term “sensibility ree ipro al” is used to define 
balance sensitivity. SR is the amount of weight that will 
cause a “noticeable” deflection of the weighbeam. As 
the term “noticeable” is vague. it is suggested that SR 
be the weight that will cause a deflection of 1/10” (01 
some precise amount, such as 1 mm) of the final in 


TABLE 2—NBS WEIGHT CLASSIFICATIONS 


Classification Application 





Precision Laboratory 
Standards 
Class J Microweigh? standards (microbal- 
ance work). 





High-precision scientific standards 
(reference, high-precision, and high- 
constancy work). 


Class M 





Scientific standards (reference, cali- 
bration, and precision analytical 
work). 





Laboratory standards (routine ana- 
lytical and precision nonmetric work). 


Class S-1 





Laboratory Weigths 


Class P Analytical and precise technical 
weights. 





General laboratory, technical, and 
student weights. 


Class 9 





Class T Utility weights. 





Commercial Standards 


Class A State primary standards. 





Class B State working standards. 
Class C 
Trade Weights 





Test weights. 





Used in scale of commodities. 
Classes are listed in NBS Handbook 
44. 





dicator. (It appears from the literature that some 
manufacturers now employ this definition of SR. 
Others use a “I-division” change in rest point, but 
with no agreement on the division size. } 

The 1,10” deflection requirement continues to be 
valid when beam deflection is sensed by an LVDT and 
output is connected to an indicator or recorder. The 
SR would then be the amount of weight that will cause 
1 10’ movement of the final display (pointer or pen). 


Weight Tolerances 

The precision of a weight balance depends on the 
tolerances of the set of weights used. 

Allowable weight tolerances are established by the 
National Bureau of Standards (Circular 547, Section 
1}. The heavier weights have tolerances that are a 
percentage of the weight. The lighter weights have 
fixed tolerances. the most accurate (Class M) having 
an_ individual tolerance of 0.0054 mg. 


Sensitivity Classification 

Weight balances fall into four basic sensitivity 
classes (1) microbalances, including high-sensitivity 
analytical balances. whose sensitivity is expressed in 
micrograms division. (2) milligram balances, includ- 
ing most analytical balances. whose sensitivity is ex- 
pressed in milligrams division, (3) gram balances, 
whose sensitivity is expressed in grams/division, and 
(4) ounce and pound balances, including most in- 
dustrial scales, whose sensitivity is expressed in ounces 
or pounds, division. 

The microbalance achieves its sensitivity by use of 
precision elements such as sapphire knife edges and 
planes to reduce friction and by having the center of 
gravity very close to the range line. Effects of static 
electricity are minimized by use of metallized con- 
ducting glass and by grounding of all metallic ele- 
ments via a binding post on the balance. 


Application Classification 

Weight balances also are commonly classified aec- 
cording to use—for example, analytical balances, assay 
balances, prescription balances, and many others. 


Types of Weight Balances 

In many balances the weights are compared at 
opposite ends of an equal-arm weighbeam (Figs. 1. 
2. 4). In many scales the known weight can be given 
a variable moment by use of unequal-arm weighbeams 
or sliding weights (the term “scale” is itself derived 
from the graduations on weighbeam-type instruments), 
as in Figs. 6 and 7. The third basic type of weight 
balance varies the moment of the known weight by 
swinging it away from a fulerum in a pendulum 
manner (Fig. 5). 


Beam Ratio 


Beam ratio, or beam arm ratio, refers to the effect 
of inequality in length of the two arms of an equal- 
arm weight balance. It is expressed in parts/million as 
follows: Suppose an equal-arm balance in equilibrium 
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FIG. |. TYPICAL analytical! balance 


nbean balance with m 


has a 10-gram weight added to each pan. resulting 
in a reading of plus 2 divisions: when the weights are 
exchanged between pans the reading is minus 6 divi 
sions. The average reading is minus 3. divisions. If 
the sensibility reciprocal (SR) is 10 ug div (0.01 meg 
div). 3 divisions represents 30 ug. which is 3 ppm of 
the 10-gram weight used. Hence the beam ratio i- 
3 ppm. 

Note that the remaining 5-division swing of the indi 
cator tells the inequality between the two weights 
in this case 50 ue (the tolerance for Class-M 10-gram 
weights). Note how exchanging weights between pan- 
tells both the beam ratio and the weight differences. 


Commercial Features 

The various features of weight balances are shown 
in the many commercial models available. 

Fig. 1 shows a microbalance in which weights can 
be placed on the pan simply by touching the keys on 
a keyboard. This balance also has an optical projec 
tion system to magnify the pointer movement. 

The most sensitive balances use no damping or air- 
damping. Liquid damping is the least common method. 

Some balances can be supplied with magnetic 
damping of the weighbeam. The magnetic damper 
is an aluminum vane on the beam. which can move 
between the poles of magnets fixed to the case. Motion 
of the beam causes eddy currents in the vane. The 
eddy currents set up a magnetic field opposite to the 
fixed magnetic field, braking the motion and bringing 
the beam to equilibrium rapidly. 

Undamped balances are usually read by noting the 
so-called turning point of the pointer as it moves across 
the graduations. The swing of a balance pointer on the 
first oscillation if no “kick” has been introduced will 
be approximately twice the rest point. The exact rest 
point can be determined from the swinging pointer by 
taking the mean of two readings to the left and one 
reading to the right (or vice versa) and adding alge- 
braically. then dividing by two. This is common prac- 
tice in reading a swinging undamped microbalance. 


Fig. 2 shows a modern analytical balance with re- 
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corder output. Automatic recording permits weight 
changes to be examined. as in evaporation. diffusion, 
oxidation. absorption. drying. ete. The balance shown 
has a capacity of 200 grams. a sensibility reciprocal 
SRy oof Lo me/div (0.17). and over-all: accuracy of 

0.2 me over the automatic recording range. It also 


features automatic weight) switchine——that is. when 


recorder pen approaches the edge of the chart. a 100- 


mg inerement is either added or taken off the pan 
automatically. which returns the pen to the opposite 
edge of the chart. A total of 4 erams can be handled 
automatically. Air damping is used. 

The recording is done by attaching a linear vari- 
able differential transformer to the balance weigh- 
beam. A’ similar recording technique has been re- 
ported by Dr. A. Peterson*. 
increased the sensitivity of a milligram analytical bal- 


The Peterson technique 


ance so that fractional microgram weight changes 


were re ordable. 


Substitution Principle 


In the balances shown in Fig. 3. the single sample 
pan and the weights are suspended from the same 
end of the beam. When a weight is placed on the pan. 
an equivalent amount of known weight is removed 
from the beam so that the total load remains constant. 
This is called the substitution principle. The weights. 
added or subtracted manually by dials. are totalled on 
a counter for direct readout and can be printed out (in 
some models to 8 places. A projection readout unit 


increases the sensitivity. 


Industrial Milligram and Gram Weight Balances 


\ line of industrial balances is shown in Fig. 4. 
\ shows an even-arm solution balance for rapid 


weighing of solutions. Bo shows use of multiple 


*Dr. Axel Peterson, “Analytical Balance Plus Differential 
Transformer Plus Recording Millivoltmeter Equals Sensitive 
Recording Microbalance,” INSTRUMENTS & AUTOMA 
TION, July, 1955. pages 1104-1106. 
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FIG. 4. TYPICAL |: 
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FIG. 3. BALANCES using substitution principle. A AG GEBEN: RAG de 






Met 


nNnows of 








beams. each carrying a different weight so that a large 


range can be covered without adding or removing 






weights. D- shows a) special moisture-determination 






balance wherein the weight is added to the beam 
via a chain connected to a calibrated dial. A heating 






element covers the pan: balance is indicated by a 





shadow-type vane. 









Industrial Pound Weight-Balance Scales 


High-load industrial: weight-balance scales usually 






use compound levers or “pendulum” action. 









Weight-balance type scales in which weights alone 
produce the restoring force. but which have dial in- 






dication, are shown in Fig. 5. Here the imposed load 





causes pendulum-ty pe weights to swing out, producing 





a restoring moment of force. Accuracy of O.1°e is 





possible. Ranges are from several hundred to several 


thousand pounds: the large dial permits a 1500-1h 






scale with one-pound graduations 






Fig. 6 shows the wav in whieh levers can be com 


pounded to produce a weight-balance scale for heavy 





industrial loads. such as trucks or railroad cars. 





Kie. 7 shows a weight-balance industrial scale con 






trolling weight on a conveyor. Material on the weigh FIG. 5. PENDULUM.-TYPE weight-balance scales. A 

7 8 belt is balanced against a known movable weight on hows a Toledo Scales instrument with printer: B 
the weighbeam. Any deviation of the beam from bal- hows Fairbanks, Morse tem with printout and 
ance operates one of two mercury switches. which in ard h 





turn operate the bin gate to control the weight of ma- 


terial on the conveyor. FIG. 6 COMPOUND-LEVER weiahbeam balance 
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Pneumatic Balance 


In all balances described thus far. weights were used 






to produce the force that balanced the weight of the 






unknown mass. Fig. & shows a sealé that produces an 






opposing pneumatic force, using weighbeam technique. 






Weight on the conveyor produces a downward force 






at point 7. This is balanced by an opposing pneumatic 






force at point 10. If the opposing forces are not equal. 






the beam is unbalanced. causing nozzle (9) to be 






covered or uncovered, raising or lowering the pneu- 






matic pressure so that the forces are balanced: the 





FIG. 7. MERCHEN 
ale with contr WT 


r: P \ 
arnan. inc.) 
ernan, Inc.]} 


beam is again the equilibrium. At this time the pneu- 
matic pressure will be exactly proportional to the 
weight. 

The advantage of using a pneumatic pressure output 
is that the pneumatic force can be transmitted to re- 
mote indicators and used to control mechanisms such 


as the feeder gate shown in Fig. 8 


Spring Scales 
The term “spring scale” applies to any weight in 
strument wherein the opposing force is developed | 
a spring element or spring actien. including beam 
deflection (bending). 


Spring Fundamentals 

Centuries ago, Robert Hooke discovered that de 
flection of a spring-like material is proportional to 
load. Calibrated springs have been used ever since to 








rs 4 > 
FIG. 9. TYPICAL spring scales. Top shows simple pu 


steel-spring gage; bottom shows ''lso-Seal 
with Iso-Elastic springs for 0.59%, accuracy. (Courte 


Chatillon & Sons) 
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sh- 


dynamometers 








FIG. 8. MERCHEN >: 


nan 


measure load and weight. As springs are susceptible 
to several possible types of errors. it is important to 
know their limitations and accuracies. 

The characteristics of a spring that can produce 
errors include: 

1. Deviation of response from true linearity 
that is, from Hooke’s Law response. This occurs pri 
marily at larger loads. 

2. Creep, or plastic flow, which occurs when the 
spring is extended past its elastic limit. This causes a 
“permanent set”——that is. the spring does not recover 
completely when load is removed, 1 here ean also oceul 
a slow elastic after-effect— that is. a slow deflection 
that occurs after the initial deflection and which looks 
like a set. but which recovers completely in a similar 
slow manner after the load is removed. This is called 
recoverable drift. 

3. Hysteresis. the difference between the response in 
one direction (increasing load) and the other (de- 
creasing load), even though the end points are the 
same. Hysteresis errors for usual spring materials are 
hetween 0.1 and 0.2% of the total deflection: for 
Iso-Elastic*® it is 0.02%. 


in alloy. de eloped by John Chatillon & Sons 


ae | 


pull FIG. 10. INDUSTRIAL dynamometer in which beam 


deflection acts as opposing "'spring’’ force. (Cour 


tesy W. C. Dillon & Co.) 





14. Temperature error due to thermal coefficient. This 
is the change in spring rate resulting from temper- 
ature change. 

Table 3 lists the orders of magnitudes of these sev- 
eral effects, for various common spring materials. 

Fig. 9 shows some scales using springs as the re- 
storing-force element. 

Dynamometers of the type shown in Fig. 10 are a 
type of spring scale wherein deflection of an alloy 
steel beam (only a few ten-thousandths of an inch) 
is translated by levers directly into dial indication of 
weight. This type of scale is used for weights in the 
range from a few hundred pounds up to 100,000 
pounds or more. Accuracy is normally 2° of full 
scale. The range and accuracy make it suitable for 
many industrial applications— steel, parts, bins, trucks. 
loads, ete. These applications include torque, tension, 
traction and compression, 

Fig. 11 shows use of the linear variable differential 
transformer with elastic members. In one weight-plat 
form application, the weight-platform is opposed by a 
spring connected to an LVDT. The interesting feature 
of this system is that the primary winding of the LVD1 
receives a signal proportional to belt speed. while its 
core is positioned by the weight-spring combination. 
Hence the signal output of the LVDT is a mass-flow 
signal (Ibs/sec). This signal is used to control a vari- 
able-speed drive which adjusts the speed of the con- 
veyor to deliver any desired of amount of material per 


second, 


Combination Weight and Spring Balances 


The advantage of weight balance is accuracy; that 
of spring balance is rapidity of reading. Combinations 
of the two techniques are used toe obtain relatively 
high accuracy with faster reading than can be ob- 
tained by weight-halance alone. 

Fig. 12 shows a “Basic Weight Classifier” in which 
an equal-arm weighbeam is used to balance the un- 
known weight against a known desired weight. The 
amount of unbalance is indicated ona “Shadograph” 
indicator, which is a vane connected between two | 
shaped torsion elements. Neither element is bent when 
the beam is in balance. but one or the other is bent 
when the beam is out of balance. producing the re- 
storing force. Unbalance can be converted into binary 
coded signal by attaching a coded dial with photo 
cells to the indicator. | 

One feature of this system is that the center of 
eravity of the weighbeam element is on the range line, 
so that the scale need not be exactly level. Basic 
use is in rapid sorting, and a complete line of com- 


parison weighers and sorters is available using this 


principle, 

Combination weight-balance plus spring indication 
of the unbalance also is used in the balance shown in 
Fig. 13. Here again the desired weight of sample is 
placed on the pan on the left side, and the unknown 
on the right side. Unbalance deflects a delicate tor- 
sion member; the degree of unbalance is indicated on 
the scale. which is readable to 1 microgram in the 
0-1 mg model. Other models are available to 0-2500 


TABLE 3—SPRING CHARACTERISTICS 


Temperature Coefficient of 


Material Modulus of Elasticity /°F 





Spring Steel —190 
Chrome Vanadium —146 
Phosphor Bronze —200 
Brass —216 x 


Beryllium Copper —194 x 

Iso Elastic —I5x 10° to + 10x 10° 

Drift in 24 Hours 
0.30 % 
0.06 % 


Drift in | Hour 
Spring Steel 0.08% 
Iso-Elastic 0.01% 
Spring Steel 
('4 Load) 
Iso-Elastic 


('/2 Load) 


0.02% 0.065%, 


0.01 % 
Creep at 500 F 


Not Detectable 
Creep at 200 F 
Spring Steel 0.25%, 


Iso-Elastic 


WEVITZ CNgQineerina. 


FIG. Il. LVDT 


UNDER: 
FIG. 12. BASIC WEIGHT Classifier uses weigh- 
beam and spring technique to obtain accuracy plus 


peed. (Courtesy The Exact Weight Scale Co.) 


FIG. 13. “SAUTER Ultra 

Matic" precision balance. 

(Courtesy August Sauter 
1, Y., Inc.) 


i 
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OBSERVATION ROOM =A _++— FLEXIBLE LEADS 


WEIGHT LIFTER 


c REVERSING SWITCH 











+ 18. MULTI-COLUMN Train-Qaqge Te) 
POSITION yi t —— ee Co 9 ty oe r ’ 


Oa _ / VING rte ( : } y Diy Revere ( ms f 
ce : i ec - 
. C in Amarica 


OPERATOR'S ad ot j J FIG. 


an mg. Air damping is used. Note that analytical balance 
sensitivity is obtained with the rapid reading speed of 


Misr a spring-type balance 





Current Balance 







Phe standard ampere is established by a current 
halance (Fig. Thi. which uses a coil hung from. the 


weighpan of an analytical balance. This coil hangs 

























00 K within two stationary coils connected in’ series — but 
1 the connections to the fixed coils can be reversed. 
(SOTO) acav [co 5 SVT, When current is on in one direction the moving coil 
od es | pulls down. The balance is brought to equilibrium 
— CRI || by counterbalance weights. When current is switched, 
cory ME gc Os TP | the electromagnetic force acts to lift the coil and an 
; I — ' exact compensating weight is placed on the weighpan 
| 3 eee to which the coil is attached. Thus the ampere is de 
F Tr es find and established in terms of weight. 

oedema PeLY wee Phe 301 B of E-H Research Laboratories (Fig. 15) 
— : is an automatic analytical balance featuring a current 

[Rec balance technique and l-sec response time. 
a Four air-core coils are mounted on the balance -two 
[o¢ es : at either end of the beam and the other two immedi- 
Lave i Si Tice ately underneath. attached to the frame. The LOO-k« 
FIG. 15. Principle of 30! B balance oscillator excites a mutual inductance bridge consist 


ine of the beoils. This bridge measures the position of 


the beam with respect to the frame: discriminator ac- 


| FIG. 16. TOP, buovar weighing tion is obtained by rectifying and subtracting the two 
VED with analytical balance. Below r-f outputs. The d-« signal so obtained is applied to 




















- | . f . a 
4 principle for metering an exact the beam coils to restore the balance to null. The 
—m ymount of liquid using buoyancy frame coils are excited by a regulated d-c power sup 
i punters Clk Manele fh a: 
7 iat at ply whose stability determines the accuracy (O16) 


over ranges of 30 to 3000 me full scale. 





Buoyancy Balance 

several types of analytical balances with high weigh 
beams are available with special accesso} ies for buoy ' 
ancy weighing. These accessories include plummets of 


i known volumes for use ino measuring the specific 








eravity of liquids by buoyaney effect. as shown in Fig. 
16. The volume of a mass can be measured by buoy- 
ancy if the specifie gravity of the liquid is known, 
Fie. 16 also shows a technique for metering an exact 
ke amount of liquid using bouyaney. A known weight is 
- 


| | FIG. 17. STRAIN-GAGE l!oad ce'l. placed on the float at left and fluid is pumped into 





“Wha Gages L and L’ are load-sensing the unit until the indicator registers a given or “null” 

Niji = aaaes: T and T' are temperature point. The inlet valve is then shut and the weight is 

L | | ai compensating gages. (Courtesy removed. The outlet valve is then opened until the 

h a } Baldwin-Lima-Hamilton Cort same “null” point is indicated. A weight of liquid 


exactly equal to that of the original weight will have 
heen metered out. 
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FIG. 20. PNEUMATIC weight transmitter. (Courtesy 


\ tr S 


Load Cells 


\ load cell is an element that develops an electri 





pneumatic. or hydraulic signal which is proportional ert EN SE 
to the load placed upon it. 
The strain-gage load cell (Fie. 17) consists of a 
high-strength steel column oon which ao strain-gage 
\s a load is placed on the 





matrix has been bonded, 
column. the column is compressed slightly and the 








fine-wire gave is strained uniformly with the steel 
column. This lessens the electrical resistance of the 
erid in proportion to the strain applied. electron 
instrumentation measures the change in’ resistance 
and coverts it into a signal proportional to the weight 


of the load applied to the cell 
Se , FIG. 21. RATIO | 


The multt-columm strain-gage load cell) shown in 


hie. 18 has four strain gages bonded to each of four 
supporting columns. resulting in a high output voltage 
ina small-size cell 
hie, LO shows a “Portable Force Calibrator” 
Which can be used to calibrate existing weight measur- 
systems. [Tt has digital readout with accuracy of 


OL. of reading. or OL) of lowest range. whichever 


CYLINDER om 








is vreater. The indicator uses a continuous balance 





serve system and ts calibrated with a precision strain- 
vage load cell for tension or compression, 

Pneumatic load cells (Fig. 20) develop a pneumatic 
signal proportional to the applied load. Air pressure 
in the Net Weight Chamber will automatically adjust 


itself to develop an upward force exactly equal to the FIG. 22. WEIGH-PAC" hydrau 
tesy A 





downward foree of the applied weight. The ‘Tare Pi om ~ | 
Chamber is used to cancel the dead weight load on the 
= ale. Note absence eat knife edges and levers. SOUTCES 
of hysteresis and friction. A common application. is 
in weighing of bulk materials on conveyors and in pro- 
portioning. The pneumatic signal is particularly use 
ful in pneumatic control systems. 

Fig. 21 shows a “Ratio Totalizer™ that accepts up to 
three Input pneumatic signals and delivers an output 
pneumatic signal equal to the difference or ratio 


FIG. 23. WIDE 


ranae of hydrauli 


products. proportions. ete.) between the inputs. This 
has many uses in’ weight) control with pneumatic 
transmitters and control systems. cales is available. 

Hydraulic load cells (Fig. 22) use a closed liquid- C 


filled system) whose pressure is increased by applied 


ourtTesy 
way ocale 
load. The pressure causes a Bourdon-tube deflection. 

These are available in many sizes for industrial use. 

as shown in Fig. 23. 

Strain gape issue, 7&4. Mareh 1958; also book Strain Gage 


Instrumentation, Aronson and Nelson. Instroaments Publishing 


Co,, 1958. 
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FIG. 1. CONTINUOUS RECORD of balance-beam motion made with automatic reading de 
vic t left, balance was under the influence of unstable air masses caused by small thermal 


AUTOMATIC READER 


This photoelectric device, developed by the National Bureau of 
Standards, automatically and continously follows beam position of a 
precision balance. indicating it to 0.0001” and increasing the reada- 
bility sensitivity 40 times. Turning-point readings also are improved. 


HIS PHOTOELECTRIC beam-position recorder 
and amplitude indicator was developed primarily 


as a research tool for obtaining a better understanding 
CONDENSER é 1 : : 
_ La of balance errors: data from such studies are now 
( dhesatllage being accumulated and will be used in working out im- 
AMPLITUDE * : <2 2 . 

proved balance designs. The photoelectric reader can 

TO MIRROR OW : : ; 
BALANCE BEAM provide data on the motion of the balance beam in 


rf two forms: (1) as a voltage whose magnitude repre- 


t f} L . Par ‘ 
| 1 fi, | FRICTION DISK sents the instantaneous position of the beam: or (2) as 


re RUBBER TIRE 
| Scaew CELL re 


J tea PHOTO = numerical data that represent turning points (extreme 
ui i 
-~-L_—..T#0 PHASE KOTOR 


dimensions of the swing), from which masses can be 


READING aleulate j . nti ‘ or 
oe cal ulated in conventional manner. \ plot of output 
voltage (Fig. |) can be used in evaluating the dynamic 
characteristics of the oscillating structure. The turning 
points are read off from a dial that ordinarily indicates 
TACHOMETER MIRROR the instantaneous position of the beam, but which 


GENERATOR = a a SS Soe a Saba ‘oine mol 
1 iii holds for a brief interval after each turning point 


| is reached, 


‘ 
bees 
ELECTROMIC 
CIRCUITS 
60, POWER LINE 2 
PHASE ADJUSTMENT Operation of Reader 


FIG. 2. BLOCK PLAN of the automatic reader for pre \ fixed, single-filament lamp shown at far right in 


cision balances. Fig. 2 is the source of light. The light is first reflected 
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FIG 


€ 


. 3. PHOTOCELL IS hers 


T W ea 


PRECISION BALANCES 


FIG. 4. READER IS on table in foreground: balance (upper 
eft) is manipulated by long rods. The operator is noting 
| balance beam as indi 
j tationary for ¢ 
cause of built-i 


L. R. MACURDY and H. A. BOWMAN 


National Bureau Of Standards 


from a rotating mirror whose plane is tilted slightly 
from the plane normal to the axis of rotation. A simple 
arrangement allows the angle of tilt to be set at any 
value up to | minute of are. The mirror is rotated by 
a 3.600-rpm motor so the reflected light beam oscillates 
at 60 cps with a peak-to-peak amplitude adjustable 
from 0 to 2 minutes of are. Phase can be adjusted with 
respect to the 60-cps power supply by rotating the 
motor in its mount. 

After reflecting from the rotating mirror. the light 
heam passes through a condensing lens and proceeds 
to the balance. A balance 
frame directs the beam to a mirror on the moving 
arm (beam) of the balance. The light beam is re- 
flected back to the photocell and produces an image 
of the lamp filament on the plane of the photocell slit: 
the slit and filament image are both about 3,64” 


mirror mounted on the 


wide. 

This filament image oscillates at 60 cps through a 
distance of about 3/16”. When the slit is located in 
the center of this vibration it is illuminated 120 times 
a second. However, if it is displaced from the center 
of the vibration, the electrical output of the photocell 
will contain a 60-cps component whose phase and 


magnitude depend. respectively. on the direction and 
amount of the off-center displacement. 

The 60-cps component is filtered. amplified, and 
applied to the control winding of the two-phase motor. 
This motor then drives the lead screw in the proper 
direction to recenter the slit. provided that the supply 
voltage used to excite its reference winding is in ap- 
propriate phase with the 60-cps vibrations of the light 
heam. (Relative phase of the light beam is adjusted by 
rotating the 3.600-rpm motor. ) 

Thus the photocell (Fig. 5) is made to follow the 
swinging light beam to within about 0.0002”. cor- 
responding to 4.x 10 * degree in the angular position 
of the balance arm. A tachometer generator provides 
a velocity-damping signal to prevent oscillations around 
the servo loop. 

The position of the balance arm at any instant can 
be determined accurately from the angular position of 
the lead screw. which is coupled mechanically to the 
pickoff arm of a precision potentiometer. The lead 
screw is 20” long with a two-start thread, 10 pitch. 
ground from SAE 6150 steel hardened to Rockwell ¢55. 
It has a 0.0004” lead error fairly well distributed along 
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FIG. 5. A SHOWS data 
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its length. and is driven by a rubber tire and friction 
disk. The plane of the thrust bearing supporting the 
disk provides a reference from which displacement 
measurements of the photocell are made. 

The reading dial at the left end of the lead screw 
(Fig. 4) has 100 graduations spaced about 1.” apart. 
each representing 0.001” of photocell displacement. 
This dial has one turn of free play so that it remains 
motionless for one revolution of the lead screw when 
the latter reverses direction. During this interval the 
turning-point reading remains unchanged. permitting 
the operator to make an accurate estimate of the éx 
treme position of the photocell to 1 10 of a division. 
or O.OOOL’. 


Background Noise 


Zero stability of the apparatus. determined from 
observations on a light beam reflected from an arrested 
(and therefore presumably motionless) balance. is 
about 2 microinches per minute. This drift: changes 
direction roughly twice daily. and may therefore be 
associated with some diurnal motion of the building 
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or piers. There are occasional bursts of “noise” of 


about ~ 0.0003”. some of which have been correlated 
with starting and stopping of building elevators.. How 
ever. the total effect of all noise (see extreme right of 
Fig, 1) is not considered serious enough to warrant 


additional noise studies at this time. 
Comparison with Conventional 
Reading Method 


The effectiveness of the automati: 
for investigating the errors of precision balan Fe rests 


readet < 


on the considerable improvement in reading accuracy 
that it provides. This improvement appears clearly 
from the results of a test in which readings were taken 
simultaneously by the old and new methods. An ex- 
perienced telescope observer made readings “on the 
fly of the turning points in the moving image of a 
millimeter scale. reading directly to millimeters and 
estimating Another 
read off the turning points from the motionless dial 


tenths of millimeters. observet 
of the photoeleetri device. reading directly to thou- 
sandths of an inch. Results are shown in Fig. SA. The 
dial readings produced the smoother curve. Calcula- 
tions of inass made from these turning points appear 
in Fie. SB. Note that many readings by eve would have 
to be made and averaged to achieve the accuracy of 
the photoelectric reader. Hence readings can be made 
more rapidly with the latter. reducing temperature 


transient errors, a factor in precise work. 


Errors in Precision Mass Measurements 


Major errors in) precision mass measurements are 
due to small changes in temperature and humidity that 
occur during the course of the experiment. The auto- 
matic reader makes it possible to increase the speed 
of balance operations by from 5 to 10 times and thus 
shortens the interval during which these changes in 
ambient conditions can act. Faster operation also in 
creases the “on scale” range of balance: this per- 
mits the use of larger and hence more accurate weights, 
The disadvantage of high-spe d operation is that it 
ordinarily results in losses of readability and deflection 
sensitivity. However. the high reading sensitivity of 


instrument more than compensates for 


the present 
these losses, 

The reader is being used currently to evaluate 
mechanical features that are under consideration for 
inclusion in a short-period high-precision automatic 
weighing system. A number of useful results already 
have been obtained. In one study. for example. the 
device has been used to show the effects of errors as- 
sociated with a certain type of arrestment mechanism. 
while another has shown the reloading error in a 
balance of one design when operated without arrest- 
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FIG. |. DIGITAL 


WEIGHING FAST FREIGHT 


“WEIGHTRAC™ system for weighing rolling 

movine freight is shown in Fig. 1. The unknown 
weight is monitored at the input by a conventional load 
cell. The voltage output from this cell is proportional to 
the weight of the vehicle. modulated by any vibrations 
in the scale mechanisms and oscillations in the vehicle 
heing monitored. This weight information is sampled 
approximately 500 times (per vehicle} by the converter 
to effect 500 digital codes that are transmitted through 
parallel lines to a binary counter. Subsequent to each 
counter preset operation, a gate is opened which passes 
that number of L-megaeyele pulses which are necessary 
to run the counter backwards to zero. 

The gated clock pulses emploved for count down 
are routed through a digital divider circuit and into 
a decimal accumulator. The division factor is set equal 
to the number of samples constituting one measure- 
ment (500) so that the total number of pulses received 
at the accumulator input is the digital average of the 
500) samples. When all 500 quotients have been ac- 
cumulated. their binary-coded decimal sum is fed to a 
printout where the four-decimal digit average is dis- 
plaved as an accurate measurement of the unknown 
weight. 

\ typical voltage input from the transducer is shown 
in kig. 2. The T1 interval (pre-measurement delay} is 
the time required for one car to move off the weigh- 
ing mechanism and for the next to move on. When the 
vehicle to be weighed moves onto the transduc Ing ap- 
paratus, its motions and weight) produce vibrations 
whieh result in noise transients of considerable magni- 
tude and duration: these are shown in the interval 
marked P2. 

The transient interval T2 occupies a major portion 
of the time the vehic'e is on th® weighing apparatus 
when, the vehicle moves at high speeds: thus the avail- 
able sampling time is limited. While the high digitizing 
speed of the DATRAC would permit 500 samples to 


be taken In a transient-free interval (73) of less than 





FIG. 2. TYPICAL SIGNAL INPUT. T 
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12.5 milliseconds. lowe operations required between 
data samples in the present configuration require a 
total sample period of two milliseconds per sample. 
Consequently. the over-all measurement interval can- 
not be less than one second. 

The purpose behind the averaging approach is to 
filter out the low-frequency noise that is always pres- 
ent during the weighing time. even after the vibration- 
produced transients have disappeared. This low-fre- 
quency noise varies from two to six eps. Sampling this 
signal 500 times. which is tantamount to continuous 
averaging. eliminates the effects of input dynamics. 
The entire system up to the pript-out mechanism is 
essentially a complex non-linear filter wherein oper- 
ational digital techniques* are employed to average 
binary data. 

If the dynamic data is to be averaged out of the 
signal. each measurement must be made as accurately 
as possible. Pen recordings of the load-cell output 
showed that the oscillation frequencies and amplitudes 
were such that ace uracy could not possibly be obtained 
with a digitizing interval of more than 50 microsee- 
onds. \ slowet conversion speed would result in some 
of the 500 samples being accurate and others being in- 
accurate. which would cause an over-all degradation in 
final measurement accuracy. 

The problems encountered in this application. such 
as noise transients and rapidly changing dynamic data 
are. to some extent. characteristics of every industrial 
data-handling application. Unless this fact is recog- 
nized, as a result of more thorough investigations of 
process dynamics and data transmission problems. 
analog-to-digital converters which purport high ae- 
curacy will continue to supply industry with inaccurate 
or insuflicient information. The real and significant ad- 
vantages offered by analog-to-digital conversion can be 
realized only through high-speed implementation. 


“Adapting Digital Techniques for Automatic Control.” Bernard 
M. Gordon, Epseo, Incorporated, Boston, Mass. 
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FIG. 1. LOAD CELL supporting a 


BATCH-WEIGHING SYSTEM should have a 

weight-sensing element with the following qual- 
ities: It should be small, light. moisture-proof, cor- 
rosion and shock-resistant. Its output should be linear 
and stable (repeatable). It must retain these character- 
istics over a reasonable range of temperature. Ade- 
quate frequency response. ability to withstand over- 
loads, and long-term stability without maintenance also 
are important. Operation in hazardous environments 
may make low operating voltages and currents a re- 
quirement. Further. since most weight applications re- 
quire the weights of more than one element. it must be 


possible to sum outputs. 


Strain-Gage Load Cell 

Let us consider the Baldwin-Lima-Hamilton SR-4 
load cell with respect to these specifications. The load 
cell (Fig. 1) senses strain in a short metal column by a 
group of bonded-filament strain gages affixed to the 
column. As the column is designed to operate at rela 
tively low stress levels. strain is proportional to stress: 
resistance change can be calibrated in terms of load. 

As the design strain level is well below the propor- 
tional limit, Hooke’s law applies. This is modified to 
some extent by Poisson’s effect and the fact that the 
modulus of steel changes with stress. The character- 
istic of a straight column cell is parabolic, but the devi- 
ation from the best-fit straight line (as observed over 
the past years) runs below 0.17 of full scale at the 
point of maximum nonlinearity. 

Over the past fifteen years several steel and non- 
ferrous alloys have been tested for load-cell use. Only 
a few have been found to combine the proper linearity 
and creep characteristics with those of strength and 
homogeneity. Strain-gage technology has progressed to 
the state where non-repeatability is considered negligi- 
ble. This is due mainly to the technique for applying 
the gage to the coluran. Reproducibility of electrical 


Presented at the Fourth International Automation Exposition, 
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Batch Weighing 


Automatic batch-weighing equipment is now available 
for complete automation of batching programs in- 
volving mixtures of many ingredients added at differ- 
ent times, plus equipment operation between steps. 


output versus applied Joad on a short term basis is 
readily made 1 part in 400 and. with certain manu- 


facturing selection, | part in 10.000, 


Temperature Effects 

There should be no change in output with tempera-° 
ture. under load or at no load. No-load temperature 
compensation is attained by applying four strain- 
eages to the column and connecting them in a four- 
arm bridge. The four fages are chosen to have equal 
thermal coefficients of resistivity, thus maintaining the 
net bridge resistance change with temperature to a 
minimum. Some small bridge-balance change is ob- 
served because gage resistances and thermal coefficients 
are not exactly equal and because the thermal coeffici- 
ent of the column is different from that of the gages: 
compensation for this effect has produced a standard 
line of cells where temperature effect on zero load is 
less than 0.0015 of full scale. 

Temperature effect on output under load is caused 
primarily by change in Young’s modulus with tem- 
perature. In steel, this is in the vicinity of +2 per 
L00F°. Compensation is accomplished by placing a 
temperature-sensitive resistor in series with the input 
leads of the bridge. When the value of this resistance 
and its thermal coefficient are chosen properly. and the 
resistor is in such a location that it is at the same 
temperature as the column, the bridge output will be 
temperature stabilized. Thus. it is possible to guarantee 
a temperature effect on sensitivity (output) to 0.00080% 
of load per Fahrenheit degree. 


Column Characteristics 

Design deflections for column-type cells run in the 
vicinity of 4 to 6 thousandths of an inch. Therefore, in 
a common case (50,000-pound load cell), the spring 
constant is approximately 10° pounds per inch, and 
the frequency response is flat to 1000 cps. The natu- 
ral mechanical frequency is 5000 eps. 

SR-4. load cells are rated conservatively as to effects 
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with Load Cells 
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Baldwin-Lima-Hamilton Corporation 


of -overloads. An overload up to two times the cell 
capacity will not damage the cells. Between 120° 
and 150° of rated load. slight zero shifts may be ob- 
served but the measuring qualities of the cells will not 
he impaired. In this overload range the zero shift is 
believed due to the gage taking a new set on the 
column. Zero shifts always will be experienced between 
150° and 2007 of rated load. Cells will be damaged 
if these loads are applied repeatedly. Further, there is 
the danger that calibration will be affected. 


Electrical Parameters 

Operation of BLE load cells is generally permis: 
sible in explosive atmospheres or other hazardous en- 
vironments. The input voltage to the cells is between 
6 and 10 volts. Bridges used in most cells are 120 
ohms, so current is less than 100 milliamperes. Powet 
requirements never run higher than GOO milliwatts. 

The cells are small; the most widely used 100.000 
lh compression cell is 795” high and 5” in diameter. 
Weight is approximately 21 Ib. 

The cells are moisture proof. Though operation 
under water is scarcely recommended, all seams and 
joints are welded or brazed together during cell assem- 
bly. lead wires between cable entry box and cell go 
through a hermetic glass-to-meal seal, and the cable 
entry box is filled with potting compound after attach- 
ment of the cable. SR-4+ cells are in use where the 
atmosphere is corrosive and where the cells are in 
contact with corrosive chemicals. 

Vaintenance is negligible because there are no mov- 
ing parts in the usual sense of the term. The gage 
bond does not deteriorate; no knowledge of cell fail- 
ures due to wear exists. 

Summation of outputs is handled easily. When a-c 
excitation is used, outputs can be added directly by 
placing them in a series string and reading the total 
output directly. When using d-e excitation, cells are 
usually paralleled, the total output reading being an 
average which can be calibrated in terms of the total 


load. 


Instrumentation 
The signal output of the load cell can be amplified 
and observed on a dial-type meter, or used to energize 
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relays. Although direct amplification systems are inex- 
pensive. their accuracies are only 1 or 2‘c. 

More commonly, voltage null-balancing tvpe instru- 
mentation is used with two bridges——one in the instru- 
ment and the other in the transducer. The difference 
in voltage between the two bridges is amplified and 
used to power a motor which drives a slide-wire con- 
tact in a direction which reduces the difference signal 
to zero. This null-balance method is in extensive use, 
yielding instrument accuracies commensurate with 
those of the transducer. 

Equipments using this principle are available (Fig. 
2) for control of up to twenty-four ingredients. The se- 
quence of batching of the ingredients can be changed 
quickly. Manual, semi-automatic or completely auto- 
matic operation is possible whereby the instrument is 
programmed to introduce all ingredients at propet 
sequence and according to the weights determined by 
formula. 

Fail-safe features protect: against’ power failure, 
empty hoppers before the quantity of ingredients de- 
sired is reached, valve or gate sticking, ete. 

The following procedure used by Phillips Chemical 
Company illustrates an automatic program: 

1. 25% caustic solution is introduced. 

2. 3500 pounds of 6% caustic is weighed in. 

3. 16,000 pounds of water and steam are weighed in. 

4. 5,000 pounds of resin and soap are weighed in. As the soap 
is added, the agitator starts and continues until almost all of 
the soap is in. During the last few seconds, the final increment 
of soap is added at a slow rate. 

5. Timing phase. The agitator operates for a preset interval. 

6. 31,500 pounds of water are weighed into tank; agitator 
operates until last few seconds. 

7. 427 pounds of KCL are weighed into a smaller intermedi- 
ate hopper. 

8. 107 pounds of Tamel-N are weighed into hopper. 

9. Agitator starts and small hopper dumps. Agitator continues 
for preset interval. 

10. Agitator stops and alarm is sounded for operator to take 
sample for analysis. 

Il. When analysis is complete, operator presses re-start but- 
ton. Agitator operates. 

12. Pump transfers batch into one of two storage tanks. 


This system will repeat weighings with accuracy 
variation no greater than = 0.10%. 
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Weighing While Conveying 


Automatic weighing while conveying can have many 


advantages over bateh weighing. including savings in 
space and cost for hoppers and feeding equipment. 


Integrating seales can weigh to within 


UTOMATIC WEIGHING while conveying usual- 

ly means applying an integrating seale to a belt 
conveyor where one or more of the existing conveyor 
idlers transmit the weight of a known length of the 
convevor belt and its load to the weighing device. A 
belt speed pickup provides a signal proportional lo 
belt speed. The signals from the scale and belt speed 
pickup are fed into an integrating device. which es- 
sentially multiplies weight per foot by feet per minut 
in order to obtain the weight which has passed over 


the unit in a given period of time. 


Accuracy 


The system accuracy of a well designed and main- 
tained integrating convevor scale can be 0.5% if the 
following features are observed: 

1. The unit should have provisions for balancing 
out the light and heavy sections of the conveyor belt 
when it is running empty. This requires an integrat- 
ine device which can run in the reverse direction when 
a lighter-than-average section of belt is passing over 
the weighed section of the conveyor. This eliminates 
low-load errors, 

2. The belt speed pickup should be driven by the 
carrying strand of the conveyor belt at a point adja- 
cent to the weighed section of conveyor, rather than 
being driven by the return strand. This eliminates 
helt-tension errors. 

3. The conveyor idlers that are on the scale should 
be supported with minimum deflection in relation to 
the fixed idlers on the convevor frame. This elimi 
nates deflection errors. 

1. The weighing idlers should be restrained from 
moving laterally and longitudinally with respect to 
the conveyor in order to avoid force couples whic h 
impair weighing accuracy under certain conditions. 


This eliminates lateral-motion errors. 


Low-Load Errors 


Some integrating scales have an integrator which 
cannot run in a reverse direction. As these units do 
not integrate near the zero point, an arbitrary zero is 
set by placing weights equal to approximately 10‘ of 
full capacity on the scale and then adjusting the in- 
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O.5%. 


tegrator so that it records that load correctly. The 
span setting is then made by placing a higher load on 
the scale and making certain that the difference in 
the two readings is correct. 

Errors can occur at low flows due to the fact that 
the integrator cannot move until a fairly large per- 
centage of the rated capacity ts flowing over the scale 
Thus. a leading increment of material at the beein- 
ning of load application is lost. as is a trailing in- 
crement, 

One of the most common errors is zero drift. When 
the integrator can run in a reverse direction it is easy 
to check zero when the belt is running without load 
by noting whether the integrator is travelling forward 


or reverse. or whether it is standing still. as it should. 


Belt-Tension Errors 


When the belt-speed pickup is mounted on the re- 
turn strand of the convevor belt. it runs at a lower 
speed than the belt across the scale when the belt is 
carrying the load being integrated. This is because 
the carrying strand of the belt is under tension and is 
stretched. whereas the return strand is relaxed and un- 
stretched. Consequently more feet of belt per minute 
pass over a point on the weighing strand when the 
belt is under load than pass ovel the helt-speed pickup 
pulley or a point on the return strand. In other words, 
the stretched section moves at higher velocity than the 
relaxed section. Hence the belt speed pickup should 
be on carrying strand of the belt) (adjacent to the 


scale) if speed error is to be avoided. 


Deflection Errors 

Some scales that use mechanical techniques, such 
as levers, permit deflection of the weigh idlers (scale) 
below the stationary idler (platform) at high loads. 
This motion of the weigh idler below the plane of the 
stationary idlers can result in error because a smaller 
percentage of the load is supported on the weighing 
mechanism. This error results both from the belt 
tension and the “beam effect” on the belt. 

Some manufacturers recommend use of a so-called 
“constant belt-tension device.” Such a device will take 
up the stretch in the belt but will not eliminate the 
change in belt tension; the errors are made more re- 
peatable but are not eliminated. 

The “beam effect” of a conveyor refers to the fact 





that when the weighing idlers are out of plane. the 
conveyor belt acts as a beam partially supported by 
the fixed idlers adjacent to the scale and partially sup 
ported by the seale idlers. This “heam strength” of a 
rubber conveyor belt will vary as mueh as 20-3067 with 
normal temperature changes and conditions of flexing. 
If the deflection in the weigh roll support becomes so 
vreat that the restoring force of the belt is as much 
as 20° of the restoring force of the weighing device. 


1206 change in the characteristics of the belt’ would 


introduce a 47 error in weighing. If we wish to 
achieve a maximum allowable error of 0.5‘... the belt 
errors due to beam effect should be kept to approxi- 
mately O.L¢¢ with restoring force in the belt no great 
er than 0.5-1'+ of the total restoring force. 

The deflection errors discussed are caused by de- 
lection of the weighing mechanism. Load cells. which 
are inherently low-deflection devices. have insignifi- 


cant errors of this type 


Electrohydraulic Actuator 


An addition to the two previ- 
ous articles on “Response of 
Combination Valve Actuators.” 


Kearfott 6100 Actuator 


The Kearfott 6100 servo valve is shown in Fig. | 

Fig. 2 shows the operation of the electrohvdraulic 
valve. Fluid under supply pressure (500 to S000 psit 
passes through fixed orifices to the chamber at either 
end of the spool. The spool has two passages leading 
to the two variable orifices located at either side of 
the spool’s center line. A slider fork. part of the motor 
armature. closes the two variable orifices at null. The 
torque moto consists of a permanent magnet flux 
held. two field coil windings. the armature and a field 
return structure. The armature is pivoted. The only 
moving parts are the spool and, the Lorque-motor arma- 
ture. 

An increased current Ylow through either windinw 
displaces the armature about the pivot and moves the 
slider fork. The slider movement uncovers one variable 
orifice. Flow of fluid through this uncovered orifice 
lowers the pressure in one spool chamber: higher pres- 
sure in the other chamber moves the spool. The spool 
continues moving and stops when the exposed orifice 
slides under the fork. The pressures in each of the 
chambers at the end of the spool will then be at equili- 
brium. Movement of the spool to the right connects the 
supply pressure port P with load port L,. Similarly. 
load port L. is connected with drain port D. 

Equalizing the flow of current through the two wind- 
ings restores the slider to the center or null position. 

Fig. 3 shows the response of the 6100 servo valve. 

Characteristics include: Quiescent | flow——.05-.15 
gpm; supply pressure 500) to 3000 psi: flow rate 
range—0.15-10 gpm; Weight--22 ounces; differential 
current—-*-15 milliamps: d-c resistance- 3500 ohms: 


natural frequency 350 cps. 


FIG. |. THE KEARFOTT 6100 
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R. J. CARTIER, Primount Instrument Company 


For precision pressure measurement, correction for seale ex- 
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pansion, gravity, and fluid density, capillarity and compressi- 
bility may be required. Here is a technique for introducing 
all these corrections simply by adjustment of well diameter. 


RESSURE is one of the two most common 
measurements, the other being temperature. The 
manometer (Fig. |) is the most common instrument 
for precision pressure measurement—yet the cor- 
rections essential to realize accuracy are not com- 
pletely understood by many. 
The relation between pressure (P) and manometer 


reading (h) in a well-type manometer is as follows: 


p 


ci (1) 
(M Veg 


where h is the distance between manometer minisci 
(em or in); P is pressure (dynes/sq cm or poundals 
sq in); M/V is density of manometer fluid (gm/cu 
cm or lb/cu in); g is acceleration of gravity (cm 


sec” or in/sec*). 


Sources of Error 


This equation shows that h is a measure of P only 
where g and M/V (density) are constant. The density 
will remain constant only at constant temperature; 
temperature change will cause not only a density 
change but also a scale expansion change which can 
be significant in long scales when large temperature 
differentials occur. 
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FIG. 1. WELL-TYPE 
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The value of 2 depends on location, 

In addition to these two temperature effects and the 
gravitational effect, errors also can be caused by 
capillarity and compressibility of the fluid. | 

Although scale-expansion corrections are sometimes 
made by referring to charts or tables, or by correcting 
the scale itself, the other factors have not always been 
kept in mind. A technique for reducing all these errors 
to negligible values will be described. 


Use of Tables, Charts, and Corrected Scales 

The sca'e expansion due to a temperature change is: 

S tt ap ted 
where s is the linear coefficient of thermal expansion 
of the scale material; t is local temperature; ty is 
reference temperature at which the seale reads cor- 
rectly, 

This correction can be used only if a uniform scale 
is used, but it often is tabulated for quick access to the 
correction factor. It also can be incorporated into the 
scale itself by adding to each scale increment the cor- 
rection for one temperature. However, certification or 
verification of such a nonlinear scale is a difficult and 
costly procedure (a scale of 12” length graduated in 
tenths of inches requires 121 separate measuremepts 
of non-standard lengths). 

A more direct approach to scale-expansion correction 
is to vary the effective diameter of the well, as will be 
described. This same technique—which makes the 








change in level in the cistern equal to the desired cor 
rection—-can he used to correct for density and gravity 


changes also. 


Density and Gravity Corrections 


Any fluid-density and = gravity-force change from 
standard or calibrated conditions can cause error. 
Phe reading error per unit of: seale is: 


MON Ww 





(MEN 
where (M Vi. is the fluid density at standard con 
ditions: MoV is density at loeal conditions: @. is: the 
acceleration of eravity at standard conditions: ¢ the 
acceleration at local conditions. 

Example: Suppose we have a mercury manometer at 
Chicago. and that it is to be used at To 7 F. 

The ¢ at Chicago is 980.278 em. sec 


Standard (45 latitude and sea level) is 980.065 


cm/sec* (32.1740 ft/sec 
Standare 


mercury at O Ci is P3.595] 


) 
’ 
} 
1 


mercury densits specific gravity © 


Density of mereury at 75 © ts 13.5360. 


13.595] IYGU.665 


13.9360 


0.0047534 

Note that this is a correction factor of 0.467. These 
corrections can easily amount to O.1” in a 30” 
column for various locations and temperature con 
ditions throughout the USA, 

We can use a seale graduated in standard units of 
length and apply this correction simply by adjusting 
the cistern diameter so that the change in level in the 
cistern exactly equals C. This technique consists of 
establishing the ratio between the internal diameters 
of the two manometer legs so that the change in level 
in one leg equals the desired correction for temperature 


and gravity ¢and also for other factors). 


Establishing The Diameter Ratio 


The relation between leg diameter and level change 
(Fig. 2) is 
d? /D? H/h (3) 
where D is inside diameter (ID) of larger well: d is 
ID of smaller well: H is cistern level change; h the 
reading level change. Hence the cistern diameter is 


1) \/d?h/H (4) 


Example: Using the Chicago example. we wish the 
“7 & 


level change H in the cistern to be 0.0047534” for each 
1” change in h. The ID of the manometer leg is 0.500”. 


*When water is used, the standard density is the specific 
gravity of water at 4°C (39.2°F). 










FIG. 2. LEVELS 
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his Lo inch because we wish to apply the correction 


per inch of readine-leg heieht. Using these values in 


1) /(0.5)7/0.0047534 


ies .8 ts O.0005” 

The tolerance figure results from the fact that pre- 
cision bore tube can be obtained to an ID aecuraey 
of 0.0005". This variation in D can be shown to 
cause a maximum error in h of less than =-0.0000L” 
per inch of reading in the selected manometer, 


Compressibility and Capillarity Correction 

The compressibility correction is nonlinear—the 
higher the column the greater the compression of the 
fluid. This correction also can he made by changing the 
diameter of the cistern, as will be described. 

The capillarity correction is a constant depending 
only on the surface tension of the fluid. This also can 
he taken care of in the cistern, being simply a vernier 


displacer like a zero correction. 


Technique 


The technique for adjustment of the well diameter 
is simple. As a matter of practice and convenience the 
area of the well is deliberately made oversize, after 
which the area is corrected by inserting a plug of 
known diameter. This provides the correction for one 
fixed local gravity and temperature. Compressibility 
and sealing column error* are corrected by tapering 
the plug. and capillarity by providing a vernier on 
the plug and using it as a displacer. It should be noted 
that the plug acts only as a displacer when correcting 
for capillarity. All other functions of the plug are as 
a convenient means of maintaining the area ratios. 

The corrections described can easily amount to 0.1” 
in a 30” manometer. As this is within reading toler- 
ance even without any optical reading aid, the cor- 
rections should be kept in mind and applied or in- 
corporated as necessary. 

Some manometers have reading aids that permit 
reading to 0.001”. It is obvious that all the correc- 
tions described must be applied if readings to this ac- 


curacy are to have any meaning. 


*Sealing column refers to the column of liquid on top of the 
mereury in the well. Note: all correction techniques described 
are covered by appropriate patent applications, 
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The rotary movement in Ashcroft Duragauges has a geared center shaft on which 
the pointer is mounted. When pressure flexes the Bourdon tube, the pointer is 
always positively positioned. You can rely on the Duragauge for precise accuracy 
in measuring pressure no matter how severe the conditions of service. 

Correct calibration is guaranteed: the one-piece link between movement and 
Bourdon tube prevents slippage or parting under tension. Recalibration is easy 
from front or rear. Universal adjustability permits uni- 
formly graduated dials. 

You can order Ashcroft Duragauges with all-stainless- 

‘steel movement or stainless steel with nylon bearings and 
pinion gear. A complete choice of Bourdon tube materials, 
pressure ranges, dial sizes and case designs and materials 
is available. Your industrial supply distributor will gladly 
help you select the best combination for your requirements. Ashcroft Duragauge in 
So. be certain of highest sustained accuracy. durability and Alumalife® case—a life 


ey: time case made of spe- 
economy — specify Ashcroft Duragauges cial aluminum alloy. 


MAXWELL ASHCROFT PRESSURE GAUGES 


M A product of 


MANNING, MAXWELL & MOORE, INC. 


Consolidated Ashcroft Hancock Division « Stratford, Connecticut 


MANNING 
‘INI JNOOW 3 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
e information circle 57 uiry card 
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FIG. 2. BLOCK DIAGRAM 


Electronic 
Density Probe 


Pp TION SENSING COILS control the vertical 
position of an immersed plummet in this liquid- 
density detector (Fig. 1), These coils operate on a dif- 
ferential inductance principle, using radio-frequency 


» 


excitation (Fig. 2). The plummet generates a signal in 


the coils whenever it moves from its “standard” o1 
null position. This signal is brought back to the power 
tubes which control the current in an electromagnet 
winding which supplies the force that suspends the 
plummet. A complete servo suspension loop is thereby 
formed wherein the plummet is always positioned at 
the “standard” location within a fraction of a thou- 
sandth of an inch: this action is not affected by the 
presence of liquids in the plummet chamber. or by 
variations in liquid density. 

With the plummet position maintained constant with 
respect to the pole piece of the electromagnet. the in- 
verse-square relationship of pole spacing is eliminated. 
Consequently the force suspending the plummet is a 
function solely of ampere turns for all practical pur- 
poses. It is necessary only to insert a stable resistance 
in series with the suspension coil to produce a current- 
derived output voltage proportional to the suspension 
foree (density of liquid). 

There is a tendency toward instability created by 
(li the time lag between the change of magnetic 
force and its resulting movement on the plummet, and 
(2) the high gain required in the suspension loop. 


Stability has been achieved by applying differential - 


and reset gain in addition to proportional gain, 

The position sensing provisions in the probe in- 
clude the sensing coils and the detector that converts 
the r-f position signal to a d-c signal. Up to 1.000 feet 









WILLIAM G. BURT, JR. 


General Communication Company 


of cable can be used to connect the probe to the re- 
maining elements of the system contained in the power 
unit mounted in the vicinity of the recorder. Any 
standard potentiometer recorder is usable and can in- 
clude pneumatic and electrical controllers to control 
processes on the basis of liquid density. 


Plummet Sensitivity 


The plummet design ‘provides for internal loading 
to a net plummet density value slightly greater than 
the highest density to be measured. Under these condi- 
tions a small change in liquid density brings about a 
proportionately large change in the immersed weight 
of the plummet. Consequently. on short-span presenta- 
tions the net resolution and repeatability of this instru- 
ment is of the order of =0.00005 or better (in units 
of specific gravity). Due to a slight nonlinearity of the 
output voltage with reference to density, the over- 
all accuracy is rated at “3° ° of the span presented. 
using linear recorder scales. The exact span of density 
presented is adjustable together with the range. ot 
starting point. by controls located on a range unit in 
the power unit chassis. The plummet used is a spheroid 


syoer 


having a wali thickness of 1/32”: this will withstand 
static pressures up to at least 2.000 psi without 
damage. 

This instrumentation has shown promise for use in 
oil pipelines and refineries, the manufacture of heavy 
chemicals such as sulfuric acids, the control of sugar 
content in food concentrates and in the extraction of 
mineral salts from natural deposits. 

It can proportion ingredients and detect: interfaces. 
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CUSTOM 


BUILD 
your own 


Bailey 
Recorder 


These four views of the back of a Bailey Recorder show how four plug-in units may be added as 


needed to meet almost any recorder application. 


The freedom and flexibility of “do-it-yourself” in- 
strumentation is yours in the Bailey Recorder. A 
variety of plug-in units make it possible to record, 
control; and retransmit any variable that can be 
converted to a pneumatic or electric signal. 

The basic plug-in units are the Bailey a-e and d-c 
Klectronic Receivers and Pneumatic Receivers. Any 
four of these may be used in one recorder, inter- 
mixed in any way. to provide four continuous 
records on one chart. 

For automatic control, other plug-in units are avail- 
able. 

For square root extraction or linear integration. 
there are two plug-in variations of the Bailey 
Integrator. 


When you want a pneumatic signal that varies 


according to a pre-set pattern plug in a Bailey 
Program Controller. 

Periodic running time of a condition or process is 
recorded on the chart when a Bailey Running Time 
Recorder is used. 


These and other plug-in units are described in 
Product Specification E.12-5. Some companies stock 
Bailey Recorder cases and assorted plug-in units. As 
instrumentation and control needs arise they build 
up the kind of recorder-controller required, using 
the proper, plug-in units from stock. Unmatched 
versatility such as this means lower instrumentation 
costs. 

For the complete story of how easily you can custom 
build this recorder to your needs, see your Bailey 
engineer. G43.1 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1041 IVANHOE ROAD * 


CLEVELAND 10, OHIO 


in Canada— Balley Meter Company Limited, Montreal 
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Bulk Material Programming 










Automatic bulk-material weighing can be INGRAM H. RICHARDSON 
justified by improved quality control, Richardson Scale Co. 
in addition to material and time savings. 







ULK MATERIALS vary considerably in density 


and other physical properties. Automatic weigh- 





ing and proportioning is of little value if the materials 





themselves cannot be made to flow under control. Thus 
the design of the bin and the selection of the feeder 
become as critical in an automatic weighing system 








as the scale mechanism itself, 
With assured proper behavior of the bulk materials 
flowing through the process, then weighing seales can 






provide automatic proportioning of mixes and some 






accounting functions. The operation can be set manual- 






. ly or programmed by puncheard or tape and the re- 


FIG. 1. "BOSS BOARD" weight selector 's pea-type pre sulting performance recorded on digital or analog 


recorders, or by automatic typewriters. Programming 








grammer. 





devices can establish the required command by peg 






contacts, speeding up the task of formula changing. 






batching, ete. (Fig. 1). 

\ synchro in the ingredient recorder can be used to 
drive individual counters to keep a perpetual inventory 
record for each ingredient as well as totalize the batch. 
\n analog-to-digital converter and automatic tabula- 
tor can identify and record these weights with time and 
date coding. Similarly an automatic typewriter can 
print out all this data or it can be punched into cards 
for future data processing (Fig. 2). 

Fig. 3 shows the control room for a twin proportion- 












ing system for a rubber product. In each system 6 
carbon blacks, 9 oils, 12 accelerators, 8 pigments and 


FIG. 2. AUTOMATIC INGREDIENT programming by & grades of pellet rubber are available to the Banbury 







or fob ! h bnace oe Se paeite reacel ae a wes : 

weight selectors and patch board, with automatic read- mixer in the combination and quantities prescribed and 
EON A RACISTS ES ME Ce TY Sis hin { 

out by indicating aial, au > tabulating machine ana selected by the one operator in the control room. Thus 







Sta | tn c nter ir fair Inaredient cvctem A ‘ 
remote inventory counte a four ingredient system. this one operator controls the flow of up to 86 in- 
gredients, producing a batch every 214 minutes and 







frequently changing formulas as called for by the pro- 





duction. schedules. Circular-chart recorders establish 





a permanent record of the performance. 
The automatic system can be interlocked with fail- 






safe control. Weigh hoppers must be in empty balance 
before the proportioning cycle can begin, and the auto- 
matic weighings must be accurate to within a pre- 
scribed plus-or-minus tolerance before the cycle can 













proceed. Any step of the operation which is not with- 






in tolerance puts the system in an alarm condition and 
the source of the trouble is indicated on the face of the 






panel. 










Abstract of paper presented before the ASME Materials 
Handling Conference held in conjunction with the Fourth 
International Automation Exposition, New York City, June 9- 
3, 1958. 











am automatic 


FIG. 3. CONTROL ROOM for twin-syst 


compounding in a rubber products plant. 
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LARGE 
TOOLMAKER 
MICROSCOPE 


...PRODUCES 
HIGHEST PRECISION 
....CUTS 
INSPECTION TIME 


At Last... 


available again 
the ORIGINAL 


New Type 
LARGE TOOLMAKER MICROSCOP 


. actually measures [not only com graduations, thread check for a 
pares drawings or shadows} any type of n minutes, lead and pitch errors of + 
work for shape, angles in degrees and min chasers, hobs, cutters and other irre 
utes, radii, distances between hoies, tapers work which cannot be checked in any 


spacings, width of keyways and splines other way. 


RANGE: 6” x 2” — BUILT-IN ROTARY TABLE(11” Diameter) thru 360° 


GET THE FULL STORY OF THE VERSATILITY OF THIS 
OUTSTANDING SHOP AID — Request Circular 


GEORGE SCHERR CO. Inc. 
COMPLETE LINE OF PRECISION INSTRUMENTS 


WEST coast BrancH: SCHERR-TUMICO CO. - 3337 W. Olympic Bivd. - Los Angeles 19, Cal. 
200 MG LAFAYETTE STREET © NEW YORK 12, N. Y. 
59 

















2 


SALT 
SPRAY 
FOG 
TEST 
CHAMBER 


To meet 
MIL-E-5272 B 


and others. 








TOP OPENING 
FRONT OPENING 
WALK-IN 


DEVELCO 


DEVELOPMENT ENGINEERING 


COMPANY, INC. 


9 Cross Street @® Norwalk, Connecticut 





Manufacturers of Environmental Test Equipment 
Fungus Testing - Cold - Heat - Altitude - Humidity 
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High 
Torque 
ina Bere on Existing 
Small et i Valves With- 
Package! 9h 5. out Work 


Easily Installed 


Interruption! 


For Remote or Hazardous Locations 


Models for %4°' to 8’ valves. Provides positive 
indicated control at any distance, yet allows man 
val operation or over-ride at any time. Operates 
on AC or DC by manual switch or automatic appli- 
cations such as timer, thermostat, float, pressure 
switch, etc. In event of power fail- 

ure, valve can be manually oper 

ated. 


OPENS OR CLOSES BALL 
VALVES FROM ANY DISTANCE 
WITH THE FLIP OF A SWITCH § 


FOR PRICE LIST AND DESCRIPTIVE MATERIAL, WRITE OR CALL 


R & A MACHINE CO., Inc. 


100 GROVE ST. WORCESTER 5, MASS. 


... for finer regulation of water, oil or gas 


First needle valve to combine all the characteristics called 
for in modern industry. Embodies sturdiest basic construc- 
t1on—machined from solid bar stock—suitable for pressures 
to 10,000 psi and equally efficient in lower range. Note 
stem guide fused to body by new 
“Conoweld” process, eliminating 
faults of conventional two-piece 
valves. Stem 416 stainless steel. Stem 
threads fine pitch for strength and 
micrometer regulation. Body electro- 
zinc plated. Sizes 1%" to 1", globe and 
‘angle patterns. 


Ask for new Needle Valve Catalog 


a Pl 
MARSH INSTRUMENT CO. Sales Affiliate of Jas. P. Marsh Corp Bept. 42, Skokie, Ii 
Marsh instrument & Valve Co. (Canada) Ltd., 8407 103rd Street, Edmonton, Alberta, Canada 
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"Tacos 


The ecireuit is the heart of all electron. 
ies. Here are 2 more basic and interest- 


ine circuits. Unless marked, resistors 


ZENER DIODE REGULATES 
D-C HEATER VOLTAGE 


In vacuum-tube circuits such as d-c amplifiers. it) is 
sometimes desirable to regulate heater voltages as well as 
plate supply voltage. In this circuit. a single Hoffman 
HZPR-12 zener diode can be used to regulate load cut 
rents for filaments up to 600 ma at 12 de, 

Operating on the reverse-voltage part of its character 
istic. the zener diode develops a voltage drop nearly 
independent of its current: (comparable to the familiar 
vas-tube regulator). With input supply voltage Vj; at its 
center value of 26.5 v de. the zener diode draws a cur- 
rent of 250 ma. while 300 ma flows through the tube 
heater load. Load voltage (nominal 12 v) is 11.65 v de. 

When the input voltage drops to 23 vy de the zener 
diode current drops to TtQ ma: voltage drop in- the 
series resistor R. decreases, and the load voltage drops 
by only 0.25 v. Similarly. when the unregulated voltage 


ns  LMI<YUWWW—reeee t ; rs — 
26.4 | Iz } 
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| 1 fy 
+ | | | / | 
vi 1 265V w2er-i2 ZN Ve ee 
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rises to 30 vy. diode current increases to 380 ma: the 
resulting larger voltage drop across R, holds the output 
voltage change to 0.15 v. Thus the change in output volt- 
age is 1.7 for® +13 change in input voltage, an 
improvement of about &:1. 

The value of the series resistor R, may be changed in 
order to regulate load currents of 150 to 600 ma. Value 
is selected to produce diode current of 250 ma when the 
input voltage is at the center value of 26.5 v. 

Regulation is not as good at higher load currents: for 
example. at 600-ma load current a 2.6[¢ change in load 
voltage results from input voltage changes of 13‘<. 

Input: 26.5-30 v de, at 680 ma max. 

Output: 11.65 v de at 300 ma, regulated. 

Voltage regulation: 1.6% change in output voltage 
for input voltage variation from 26.5-30 v. 

Load regulation: Calculations were made only for 
constant load conditions. 

Source: Hoffman Electronics Corp... Semiconductor 
Div., 930 Pitner Ave., Evanston, III. 





ELECTRONIC CIRCUITRY 


are in ohms. capacitors in microfarads. 






CHARLES F. KEZER 
and 


MILTON H. ARONSON 





TRANSISTOR TIMING CIRCUIT PROVIDES 
1-30 SECOND INTERVALS 


\ relay is held closed by this cireuit for a time ad- 
justable over the range of | to 30 seconds. Relay con- 
tacts can be used to control current to a lamp for tim- 
ing photographic exposures, Relay used is a Sigma 4k 
GO000-ohm d-c relay set for |-ma operation. 

Switch Sl. a momentary-contact pushbutton type, is 
normally in position B. To start the timing cycle, S] 
is pressed. connecting capacitor C across the 1!.-y 
batterv. When SL is released. the capacitor begins to 
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discharge through timing-control rheostat R2 and the 
base circuit of the 2N35 transistor. Base current causes 
collector conduction, closing the relay. 

Capac itor discharge continues at a rate depending 
on the setting of timing control R2, and the relay re- 
mains closed until the base current has dropped suf- 
ficiently. Resistor RE limits the initial base current to 
a safe value. 

Dial of the timing control can be calibrated with a 
stop watch or other timer: longer intervals may be 
obtained by increasing the value of R2. 

Power supply: 11 5-v d-c and 2214-v d-c; quiescent 
drain on 2214-v battery is approximately 5 ua. 

Source: Booklet. 28 Uses for Junction Transistors. 
Sylvania Electric Products Inc., 1740 Broadway. New 


York 19, N. ¥. 
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Journal of the SC MA... 





SOUTHERN CALIFORNIA METER ASSOCIATION 


President: F. Edward Funke 
Vice-President: Martin E. Kantor 


Auditor: Arthur R. Alworth 
Program Chairman: John M. Quirk 


Secretary-Treasurer: Glen C. Wilson, 10219 Orange Ave., South Gate, California 


Huntington Beach Steam Station 


Huntington Beach Steam Station represents several “firsts” for 


the Southern California Edison Company; these include their 


A. L. GUIDERO 


first: (1) 200-Mw unit, (2) cross-compound unit, (3) 2400 


psig unit. (4) 1050 F superheat steam unit, (5) axial-flow ex- 


haust unit, (6) station to employ demineralized make-up water. 


| HE initial steam conditions of 2400 psig and 
1050 °F at the throttle. together with 1000°F re- 


heated steam, six stages of feedwater heating and axial- 
flow exhaust have been combined to produce an ex- 
pected station heat rate of about 9064 Btu/Kwh. This 
heat rate and the 200 Mw output make this unit (Fig. 
1) the largest and most efficient in the Edison gener- 
ating system and (for atime) on the Pacific Coast. 


Turbine-Generator 

The new unit. manufactured by General Electric Co.. 
consists of a high-pressure element (driving a 3600 
rpm generator) and a low-pressure element (driving an 
1800-rpm generator). Output is divided about equally 
between the two generators. This is the first large tur- 
bine-generator with axial-flow exhaust to eo into 
service in the United States. 

This design has proved to be of great interest to the 


power plant engineer for two principal reasons: T'irst, 


lalk before Southern California Meter Association, Huntington 
Beach Steam Station plant tour at Villa Marina, June 19, 1958. 
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an appreciable gain in thermal performance is  ex- 
pected from this type of exhaust; such gain is expected 
to be in the order of 40 BtuyKwh and is roughly 
equivalent to adding another heater to the feedwater 
heating system. Second, the physical arrangement of 
the axial-flow exhaust and coupled condenser has 
proved favorable to a relatively low turbine deck 
height. Turbine decks of our recent reheat plants fea- 
tured 26’ turbine decks while Huntington Beach fea- 
tures an 18’ deck. This reduction in deck height per 


mits savings in plant construction cost. 


Steam Generator 


The steam generator (boiler) was manufactured by 
Babeock & Wilcox Co. and is rated at 1.560.000 Ibs /hn 
of continuous steam output. Steam leaves the super 
heater at 1050°F and at such pressure as required to 
deliver 2400 psig steam at the turbine inlet. Steam ex- 
hausted from the high-pressure turbine cylinder is re- 
heated by the boiler to L000°F before re-entering the 
turbine. 





























106,370 kw; L.P. generator (1800 rpm) produces 115,111 kw. 
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Southern California Edison Company 





Phe boiler is described as a radiant-furnace reheat 


steam generator with pressurized furnace and flue eas 


recirculation to assist in maintaining rated steam tem 
peratures. Vernier steam temperature control is) a 
complished by spray attemperation, Prime energy is 
provided by firing either oil fuel or natural gas or a 
combination thereof. When firing with oil fuel. this 
equipment is expected to be better than 68°C efficient at 
rated outputs: when firing with natural gas the eflicien 
cy will be somewhat less by virtue of the higher mois- 


ture losses associated with gas fuel. 


Instrumentation 


The most outstanding postwar development in the 
wver-all picture of instruments and controls has been 
the erouping of this equipment into one room from 
which virtually all items in the plant are controlled. 
Phe most prominent benefits derived from central con- 
trol are: 

|. Improved integration and coordination of over: 
ill plant controls. 

2. Improved station thermal economy. 

3. Reduction in manpower requirements creates op- 
portunities for experienced operators to advance in 
rating to central control operators and man new sta- 
tions which have been developing in rapid sequence. 

The control arrangement at Huntington Beach 
(Figs. 2. 3 and 4) follows what is becoming a con- 
ventional pattern for steam station central control 
rooms. A panel starts with the boiler instruments and 
controls: these are followed by the turbine instruments 
and controls which. in turn. are followed by the 
generator instruments and controls. A separate elec- 
‘ trical panel is provided for control of switching the 

venerating units to the system. This panel also includes 
turbine supervisory instruments. One more panel in- 
cludes such common station controls and instruments 


for soot blowers. circulating water. ete. 


Feedwater Regulation 
Feedwater regulation at Huntington Beach employs 
Bailey three-element controls (drum level, feedwater 
flow and steam flow). Changes in the combined intel- 
lizence from these signals initiates action to speed or 
slow the boiler feed pumps through the hydraulic cou- 
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plings.. The feature of flow control by hydraulie cou- 
pling is a departure from practice in prior plants where 
feedwater regulating valves are employed. Problems 
with high rates of valve wear. together with economics 
of a high-load-factor high-pressure plant influenced the 
decision to adopt hydraulic couplings.* 

In the three elements of regulation, drum level: is 
sensed in a conventional manner. as is feedwater flow 
(measured by manometric deflection across a flew noz- 
zle). Steam flow is sensed as a function of turbine 
first-stage shell pressure. which General Electric has 
found to exhibit an accurate and linear relationship to 
steam flow. We will be able to report further on the 
acceptability of this means of metering steam flow 
with further experience. If this principle proves satis- 
factory we can dispense with the cost and questionable 
accuracy of high-pressure steam-flow nozzles now com- 


monly used in power plants. 


Other Plant Controls 


The combustion controls, which must control the fuel 
demands of the boiler over a load range of about 6 to 
1, almost, must be able to control fuel and combustion 
air input when the boiler is firing oil or gas fuel or 
some combination thereof. Thus fuel flow, air flow and 
steam flow signals are combined to achieve the fine de- 
gree of control necessary in modern steam-generating 
equipment. 

This plant incorporates a full complement of station 
load level controls. alarms, bearing temperature 
alarms on all major plant auxiliaries, annunciators. 
safety trips and devices to assure station output with 
minimum interruption, 


*A study in this case was made to determine if the hydraulic 
losses associated with a regulating valve would offset the higher 
first cost of a hydraulic coupling. The high load factor assigned 
to Huntington Beach made selection of the hydraulic coupling 
the favorable choice 
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EAI’ 
SUSTAINING S LEADERSHIP IN THE FIELD OF 
ANALOG COMPUTING 


EAI’s new series Application Bulletins and 
Simulation Bulletins provide dramatic evidence 
of the growing success of PACE Analog 
Computing equipment in solving design engi- 
neering problems. See why most general pur- 
pose Analog Computers in use today bear EAI’s 
PACE emblem. For 231R Analog Computer 
Bulletin No. AC-802 or for literature describing 
successful applications in your industry, 


write Dept. [A-12. 


PIAIEIE! 
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Newsletter 


John H. McLeod, Jr., EDITOR 
Suzette McLeod, SECRETARY 


8484 LaJolla Shores Drive 
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Bits 


Do vou feel the Vewsletter is cood 
only for light 
taken seriously 7 In this issue we offer 
you some truly weighty material; you 
will find us almost completely con- 
heavier-than-air craft. 





reading-—-not to be 


cerned with 
Much heavier! 
Herewith the program of the Mid 
western Simulation Council on Sep- 
tember 8th: 
Don Routh, “Simulation of the Sus 
pension System of Large Earth-Mov- 
ing Equipment by using an Analog 
Computer” 
Robert Kohr, “Simulation of Auto 
mobile Suspension and Steering Sys 
tems” 
Robert Harnett. “Simulation of Land- 
ing Gear Vibration” 


John Bird, “A Three-Dimensional 


Tank Simulation” 
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Simulation Councils, inc. 


Dov Abramis, Convair, Pomona, Callif.; 
Chairman, Board of Directors 


Western Simulation Council 


Irwin Pfeffer, Space Technology Lab- 
oratories, Los Angeles; Chairman, 


Steering Committee 


Midwestern Simulation Council 


Vernon Larrowe, Willow Run Research 
Center, Ypsilanti, Mich.; Chairman, 
Steering Committee 


Eastern Simulation Council 


Hideo Mori, Hydel Inc., 99 First St., 
Cambridge 41, Mass.; Chairman, Steer- 
ing Committee 


*Three-Dimensional 


Vehicle 


I. J. Sattinger. 
Simulation of Suspension 


Svstem 
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Southeastern Simulation Council 


Robert S. Johnson, Georgia Institute 
of Technology, Atlanta, Ga.; Chairman, 
Steering Committee 






Centrai Simulation Council 
Bruce Estes, McDonnell Aircraft Corp., 


St. Louis, Missouri; Chairman, Steer- 
ing Committee 


DDA Council 


Stan Rogers, Convair, San Diego, 
Calif.; Chairman, Board of Directors 


During the Astronautics Western 
S/C meeting of Sept. Ll. Harold 
Wasilk passed out a questionnaire re- 
questing that all present indicate their 
favored symbols for analog com- 
puter components. The illustrations 
Astro's 


helow (somewhat biased by 


experience} indicate the result. 
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MIDWESTERN S/C MEETING OF 8 SEPTEMBER 1958 ON 
LAND VEHICLE SIMULATION 


\bout 50 members were present 
when the Midwestern Simulation 
Council met at the Caterpillar Tractor 
Company in Peoria, Hlinois to talk 
about “Land Vehicle Simulation.” 
People who arrived early were con- 
ducted on tours of the plant by Ralph 
Aing and his associates. Compared 
to the aircraft industry you could 
say that what they saw was “heavy” 
industry. Caterpillar earth movers 
and tractors have such poor lift-to- 
weight ratios and aerodynamic 
characteristics that it is doubtful that 
they will ever get them off the 
eround! 

H arren Jackson (Standard Oil ON 
of Ohio. Cleveland) conducted the 
meeting. his last as Chairman. War- 
ren introduced Ralph King, head of 
the Caterpillar Analog Computer 
Laboratory. who in turn introduced 
Mr. r. {. Blane: Mr. Blane welcomed 
the group on behalf of Caterpillar and 
evidently meant it—lunch was on the 
house! 


Routh on Suspension Systems 
of Earth-Moving Equipment 


Don W. Routh (Caterpillar) got 
the technical ball rolling with a talk 
“The Simulation -of the Suspension 
Systems of Large Earthmoving Equip- 
ment by Using an Analog Computer.” 
He began with a film taken at Cater- 
pillar’s Arizona testing grounds which 
showed tests on track-laying tractors 
and rubber-tired earth-moving equip- 
ment. It was interesting but also a 
bit weird to see pictures of monster 
rubber-tired earth-movers galloping 
down the test road. 

For the track-type tractor probably 
the most severe conditions are en- 
countered in rocky areas. With the 
total weight of these tractors ranging 
from about 10,000 to 85.000 pounds, 
a wide range of forces must be 
handled. 

With the tractor-scraper the most 
undesirable condition is encountered 
while travelling over multiple bumps 
which. properly spaced, excite a se- 
vere bounce condition. At the Arizona 
proving ground 6” x 6” wood blocks 
spaced at the correct (or incorrect! ) 
intervals are used, 

The suspension system of the trac- 
tor consists mainly of the sprocket, 
rollers, roller frame, and idler. The 
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idler and spro ket are both mounted 
so that they are above the ground 
level: thus the entire tractor weight 
rests on the rollers, It was decided 
to study this suspension two-dimen- 
sionally by considering it as a damped 
spring-mass system symmetrical 
about the longitudinal, vertical plane. 

Spring rates were found to be in 
the order of 400,000 Ib-in and up. 
Under ordinary working conditions 
the ground is actually softer than 
this. so that the ground deflects rather 
than the springs. Because in the com- 
puter studies it was necessary to as- 
sume infinite hardness of the road 
surface, it was necessary to run the 
tractor over bumps on_ reinforced 
conerete to obtain eood correlation of 
simulation and test data. 

The damping was considered to be 
of the linear-viscous type. This is 
certainly not rigorous, but has given 
good results. 7 

It was necessary to develop a 
“bump” to simulate an obstacle lying 
beneath the track which would cause 
the track links to buckle. forming an 
inverted V-type ramp. Fortunately it 
was convenient to produce such a 
bump in field testing. and not too 
difficult to generate it on the com- 
puter. Since amplifiers were at a 
premium, it was decided to use fune- 
tion generators for this purpose and 
switch them to influence each spring 
in the proper sequence. As the dis- 
placement of the bump was symmetri- 
cal. it was possible to sweep the func- 
tion both forward and backward for 
this purpose. 

Another problem in the simulation 
of wheels and bumps is that of simu- 
lating the effect of the wheels leaving 
the read surface, because it is impos- 
sible for the ground to pull down on 
the wheel. The method chosen to 
simulate this effect was to limit the 
sum of the forces to positive values 
only. Thus. when the sum of the 
forces approached the negative it was 
held at zero, and the only force on 
the mass was that of gravity. How- 
ever. an error is introduced when the 
mass comes back down to strike the 
round. The amount of the error de- 
pends on the ratio of the damping 
and spring forces. This latter fact 
allows the error to be minimized un- 
til it is possible to ignore it. 


This tractor simulation — re- 
quired 46 amplifiers, three fune- 
tion generators, 47 potentiom- 
eters, and about 3000 headaches! 

The tractor-scraper problem is 
somewhat similar to the tractor prob- 
lem except that it is broken down into 
three components: the scraper, the 
draft frame. and the tractor. The 
tires at front and rear are directly 
coupled to the tractor and  seraper. 
and act as springs but not as an un- 
sprung mass. 

When starting their investigations 
Don's group usually strives first: to 
simulate an actual unit. Once thes 
feel the model is a good representa 
tion of the actual 
changes are made with the computer 
and the results compared to the origi- 
nal model. Showing curves of such a 
comparison Don asked, “Need I say 
that this correlation did not come on 
the first try’ In our original attempts 
we had trouble obtaining the correct 
ratio between primary and secondary 


vehicle. design 


forces. the primary force heing de 
fined as the foree due to striking the 
bump and the secondary force that 
due to the frame’s slamming back 
down after passing over the bump.” 

It was decided that the trouble 
must be in the tire spring rate. “In 
oul original model we had assumed a 
constant spring rate for the tires. 
Experimental measurements showed. 
however, that if the tire was placed 
ona 4” x 4” wood block. the spring 
rate was about 70 of the spring 
rate measured when the tire was on 
the ground.” It was therefore de- 
cided to simulate this by reducing the 
spring rate whenever the bump was 
being fed to the tire by reducing the 
spring deflection. 

Don closed by saying “We feel 
that the analog computer used in 
the design and development of 
suspension systems is a very 
powerful tool, one which should 
reduce the experimental time 
spent in prototype development 
and at the same time give us a 
better understanding of the phys- 
ical apparatus.” 


Kohr on Automobile 
Suspension and Steering 


Next on the program was Robert 
H. Kohr (Vehicle Dynamics See- 
tion, Engineering Mechanics Depart- 
ment of the General Motors Re- 
search Staff at Warren, Michigan). 
Speaking on “Simulation of Auto- 
mobile Suspension and Steering Sys- 
tems”, Bob explained that in the past. 
automobile suspension and_ steering 
design has proceeded largely on the 
basis of empirical experience. with 
specific cut-and-try modifications on 
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How About an 
All-electronic Computer? 


Marked by a steady shift from me 
chanical to electronic techniques, the 
evolution of the analog computer has 
reached the point where only a few 
mechanical vestiges remain. These me 
chanical left-overs (multipliers, resoly 
ers and function generators using servo 
driven potentiometers) have long ap 
peared to be anachronisms awaiting 
the development of equivalent electron 
ic apparatus. Now, with recent improve 
ments in electronic non-linear elements 
it has become practical to obtain an all 
electronic computer. The question to be 
answered by anyone planning an instal 
lation is: “Are electronic methods more 
efficient for my purposes than older 
servo methods?” Because Beckman/ 
Berkeley designs and sells both types 
of equipment, our engineers have given 
considerable thought to the advantages 
and disadvantages of each. We believe 
that electronic elements are now gener 
ally superior in most applications: how 
ever, the choice will depend upon an 
analysis of requirements for accuracy, 
speed, maintenance ease and cost. Let's 
see how recent electronic equipment 
compares with servo equipment in these 
respects 


Electronic Techniques 
Now Most Accurate 


A few years ago it was common to 
use servo multipliers and resolvers for 
precise computation at low speeds and 
to reserve electronic devices for fast 
computation in problems where high 
accuracy was not essential. This divi 
sion of labor is no longer realistic. The 
best electronic multipliers now have a 
static accuracy of .02°% as against .06° 
for the most precise servo multipliers, 
and precise electronic resolvers are 
accurate to approximately .05°) in 
comparison to roughly 1% for servo 
resolvers. 

At high rates of computation elec 
tronic multipliers continue to be far 
more accurate than servos. The fastest 
servo has 2% error at only 5 cps where 
as the slowest EASE electronic multi 
plier has less than 1° error at 30 eps. 
Fast servos naturally have poorer stat 
ic accuracy than the .06°, mentioned 
above. 


Comparison of 
Service Problems 

Both servo and electronic equipment 
present service problems, but of differ 
ent sorts. 


Servo equipment. has a well-earned 
reputation for dependable service. The 
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best precision wire-wound potentiome 
ters are quite durable. Moreover, be 
cause servo amplifiers are closed-loop 
devices, they are not critically depend 
ent on circuit parameters consequently 
do not require frequent tube replace 
ment or re-adjustment. On the other 
hand. under heavy use potentiometers 
will wear out In 6 months to a vear, and 
replacement is both difficult and expen 
sive. Each new potentiometer will cost 
up to $900, and equipment may be out 
of operation several weeks awaiting de 
livery, When considering maintenance 
costs, it is also well to remember that 
all potentiometers in a gang wear si 
multaneously even when only one or 
two are actively computing 


Electronic multiplier-resolvers re 
quire more frequent attention, but re- 
pairs are usually inexpensive and easy 
to perform. A supply of tubes can be 
kept on hand and re-adjustment can be 
performed by anyone who has mastered 
a “cook-book” procedure. 





Correction 
In the November issue of “Speak 
ing with EASE,” the diagram of 
a patched-in oscillator for testing 
phase shift contained typographi 
cal errors. The corrected diagram 
appears belou 











Comparative Costs for the 
Same Operations 


In general, servo multipliers and re 
solvers are most efficient when problems 
involve a large number of products with 
a common multiplier of the form XA, 
XB, XC, ete. or XsinA, XsinB, XsinC, 
etc. Given the ideal number of such 
products to utilize full servo capacity, 
the cost of precision servo equipment 
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can be 20%), to 45°; less than the cost of 
electronic equipment for performing the 
same operations. On the other hand 
electronic equipment is most efficient 
when computations involve independ 

ent products of the form XA, YB, ete 

or XsinA, YsinB, etc. When problems 
involve products of this sort, preci 

sion servo equipment may cost twice 
as much as required electronic appa- 
ratus. There is a combination of com- 
mon and independent products at which 
costs are about the same 


Cost estimates should also give due 
weight to the greater versatility of elec- 
tronic multipliers and resolvers. These 
units are often able to do double duty, 
thus reducing the cost of an entire in- 
stallation. For example: 

(1) Electronic multipliers will per- 

form as dividers without use of 
supplementary amplifiers. 


An electronic resolver, consisting 
of a sinusoidal function gener- 
ator and a separate multiplier. 
will perform as a straightforward 
multiplier. 


An electronic resolver will gener- 
ate “sinA”™ leaving the associated 
multiplier free to generate an in- 
dependent product. 


Arbitrary Function 
Generators 


The final link in the all-electronic 
computer is the arbitrary function gen- 
erator. While servo and electronic meth- 
ods are too various for detailed con- 
sideration here, it can be said that, i 
general, electronic methods offer far 
greater accuracy, speed and versatility 
whereas servos provide a comparatively 
inexpensive method of generating a se- 
verely limited range of functions. 

Detailed information on EASE mul 
tipliers, resolvers and function genera- 
tors is available on request. 


REGIONAL OFFICES 
MIDWEST 
4914 West Belmont Ave. * Chicago 41, Ii! 
PEnsacola 6-5270 
EASTERN 
U.S. Highway 22 at Summit Rd. * Mountainside, NJ. 
ADams 2-7600 
LOS ANGELES COMPUTATION CENTER 
305 Parkman Ave. * Los Angeles 26, Calif 
DUnkirk 2-2100 


FASE COMPOTERS 
Mfd. by Berkeley Division, 


Beckman Instruments, Inc. 


—_ 


December 1958 


Richmond 3, Calif. 


Instruments & Automation—Page 1993 





— 


+ + + + - + ——+- ee a Se Ceeeeee (meee 


se 
RE Ee ne ee a ae ee 


earee 


c, FIG. 1. SEVEN-DEGREE.of fre. 


NENCIO 


prototype vehicles under the guid- 


ance of expert  test-driver opinion, 


and many. satisfactory automobiles 
have been produced by this approach. 

However. the general trend to- 
ward heavier cars with softer 
tires and the increasing adoption 
of power steering and air suspen- 
sions call for a complete dynamic 
analysis of the automobile with a 
view to gaining a basic under- 
standing of the automobile’s be- 
havior on the road. 

The use of automatic computers to 
simulate automobile suspension and 
steering systems thus becomes neces- 
sary to a fuller understanding of the 
automobile as a dynamic system. 

Simulation of the dynamic. char- 
acteristics of the automobile begins 
with establishing the automobile’s 
equations of motion. It is possible 
to break the problem of automobile 
dynamies into two separate prob- 
lems: the first involves motion in the 
plane of symmetry, called longitudi- 
nal motion: the second concerns mo- 
tion out of the plane of symmetry. 
called lateral motion. 

The fore-and-aft motion in the 
plane of symmetry relates to the ac 
celeration and braking characteris- 
tics of the car and is called the “per- 
formance” motion. The up-and-down 
and pitching motions in the plane of 
symmetry are together considered the 

three re- 
roll. and 


“ride” motions. while the 
maining motions (vaw. 
sideslip) are associated with steering 
control and called “handling” mo- 
tions. 

Since the 
motions are uncoupled, it is possible 
to simulate them separately. In gen- 
eral, ride motions relate to suspen- 
sion characteristics, while handling 


“ride” and “handling” 


motions relate to steering characte 
istics. 

fecent: Work in suspension simu 
lation has utilized the seven-degrees- 
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of-freedom system shown in Figure 


1. This svstem considers the verti- 
cal motions of all four wheels plus 
bounce. pite h. and roll of the body by 
summing the forces on each wheel 
and summing the forces and torques 
that act on the body. Solution on an 
analog computer is quite straightfor- 
ward, Tire and suspension character- 
istics are generally nonlinear. so 
diode function generators are used 
to simulate them. A complete simu- 
lation required 60 amplifiers and as 
many as 20 non-linear function gen- 
erators. 

Perhaps the most difheult problem 
in simulating automobile suspension 
systems lies in providing inputs to the 
suspension system. For cars with 
equal front and rear wheel treads. 
the road input functions for the front 
and rear wheels on each side are iden- 
tical. but are displaced with respect 
to each other bv the length of the 
wheelbase. \ veneral-purpose mag. 
netic tape unit was used to provide 
the transport delay. The unit contains 
a modified commercial tape-trans- 
port and two magnetic heads. The 
read displacement) signal was gen- 
erated elsew here and re¢ orded by the 
lower head. It was then picked 
off the tape by the upper head. Tape 
speed is directly analogous to the 
cars speed and the spacing between 
the magnetic heads is analogous to 
the cars wheelbase. Each head will 
handle two channels of information 
so that one channel represents the 
road function under the left side of 
the ear and the other channel the 
right, 

\n analog computer solution of the 
linear 
tem is given in Figure 


seven-degrees-of-freedom SVs- 
Z: The cor- 
responding digital check solution is 
indicated by dots. The input used was 
a step bump or curb on the left side 
of the car only. The three traces 
show the roll response (qd). the front 
end vertical motion (Zp). and the 
(Zi: ). The 


car parameters are those of a 1956 


rear-end vertical motion 


2. ANALOG AND DIGITAL 


+_treeqon ystem: tea 


Chevrolet travelling at 45 miles pet 
hour. and the simulation was carried 
out in real time. 

Another source of difficulty in sim- 
ulating automobile suspensions is the 
lack of detailed data on road_ pro- 
files. In general. the shortcomings of 
past methods are that they are tedious 
and not adaptable to long stretches of 
road. General Motors is currently ex- 
ploring another possibility——that of 
obtaining the vertical accelerations 
induced in a towed wheel and then in- 
teerating the acceleration twice to 
obtain displacement. Considerable 
work remains to be done before this 
system is completely satisfactory. but 
a number of successful) short-time 
runs have been made. 

It should be apparent that even 
the seven-degrees-of-freedom system 
is not « ompdlete. Other elements should 
probably enter the simulation, for 
example: 

Flexibility of the frame-body com- 
bination. both in) bending and 
torsion 

effect of the engine on its mounts 

Non-Linear spring of the seats 

Dynamic characteristics of the pas. 
senger 

Of these omissions the most important 
is probably the passenger-seat_ com- 
bination. It appears that any major 
contribution to the field of automo- 
bile ride must come from = consider- 
ation of the response of humans to 
vibrations. The question we need 
answered is: What is it about one 
car that causes people to say that it 
rides better than another? The ma- 
jority of the available data are based 
on steady-state sinusoidal excitation. 
Improvements which may well be 
made would be the use of random 
inputs rather than sine waves, and 
the consideration of transient rather 
than frequency response. Finally, per- 
haps the power spectra of the ae- 
celeration to which the human is sub 
jected may give better results. 

A real-time steering simulator 
has been of material value in 





FIG. 3. REAL-TIME 


demonstrating the lateral mo- 
tions caused by steering inputs. 
This simulator (Figure 3) is com- 
posed of a small special-purpose ana 
low computer which can be “steered” 
by turning a steering wheel attached 
to the computer, Movement of the 
steering wheel causes “steering 
voltages to be introduced into 
circuit. The 


angle” 
the analog-computet 
computer then solves the lateral equa- 
tions of motion of the automobile. 
The voltages proportional to vaw. 
roll, and sideship are applied to a 
small servo-driven car. This model 
ear ean vaw and roll, and demon 
strates sideslip by means of a pointe 
mounted on the car's hood) which 
indicates the direction in which the 
car is actually going. The computer 
includes a “skid” meter. a “velocity” 
meter. and a meter which indicates 
the applied steer angle. By use of a 
eanged potentiometer which has an 
element in the input or feedback of 
certain of the amplifiers, it is possible 
to set the forward speed of the car at 
any point between 30 and 100 miles 
per hour, Steering-gear ratios can be 
altered by means of a selector switch. 
By inserting the proper car param- 
eters on the potentiometers. a wide 
variety of automobiles can be “driv- 
enon this computer, 

Asa result of this work, an un- 
derstanding has been gained of 
the effects of the various ear 
parameters on the car’s lateral 
response. In addition, a number 
of general observations have 
heen made: 

Yaw and sideslip are strongly cou- 
pled. but there is only a weak cou- 
pling linking the roll to the vaw and 
sideslip. However. this weak coupling 
is often the reason that a particular 
automobile is stable or unstable. par- 
ticularly in vaw. 

Another interesting result) of this 
work concerns the 30-called “over 
steer” or “understeer” characteristics, 
Because of the nature of pneumatic 


tires, they must run at some. slip 













anele in order to produce side forces. 
If that angle is greater for the front 
than the back tires. the path  fol- 
lowed by the ear curves away from 
the side force. This is called under- 
steer. Conversely. if the slip angle 
is greater in the rear. the path of 
the car curves toward the side force. 
and this is « alled oversteer. The direc- 
tional stability of an understeering 
car tends to increase with increasing 
~peed. while the directional stability 
of the oversteering car tends to de- 
crease, In fact. in the case of over- 
steer. the “handling” engineers found 
a critical speed at which the car 
hecomes directionally unstable and at 
this speed only the most alert action 
of the driver will keep the car on the 
road, 

The simulations described contain 
terms from which the “oversteer” and 
“understeer” characteristics can be 
computed, and also permit the ealeu- 
lation of a speed at which an “over- 
steer” car becomes unstable. 

Further work in the general area 
of steering control must include the 
steering gear. and some consider- 
ation must be given to the human 
operator.” {t also appears likely that 
the tire non-linearities in the near- 
s\ id region ean he successfully simu- 
lated. and that the steering perform- 
ance of automobiles while accelerat- 
ing or decelerating can also be evalu- 
ated, 


Harnett on Landing 
Gear Vibration 

The first afternoon speaker was 
Robert T. Harnett. (Wright Air De- 
velopment) Center. Dayton. Ohio). 
Bob showed a film on the vibration 
Iynamics of landing gears and said 
that simulation of the landing-gear 
vibration problem was started at 
Wright Field in 1953. The work was 
originated by Professor W. J. More- 
land, Chief of the Mechanics Re- 
search Branch. Aeronautical Research 
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NEW COMPUTING DEVICES 
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STATISTICAL ANALYSIS... 
Available ONLY on the 
GPS Analog and 
Computer: 














Statistical 











Available NOW at the 





















ANALOG 
COMPUTER 
CENTER 

















Cor puter which 


THE GPS Statistica 


solves dynamic and statistical prob- 
} 
| 
' 













ems at @ speed never before possi- 






ble, is available for rental use at the 












GPS Computer Center 
NOW you can analyze statistical 
characteristics such as the mean, 












the variance and the probability 






ites 













NOW you can. attain 


combinations of system parameters 


optimum 





to meet dynamic and statistical 














RIGHT NOW, GPS offers to prove 


this to you 







free of charge. Bring your 
problem to GPS. Discuss it with our 


Proaram and operate our 
Program and operate ou 









solve this problem. 










value of this 

















ANALOG COMPUTERS 

















INSTRUMENT CO. inc. 






















180 Needham Street 


Newton 64, Massachusetts 
DEcatur 2-8110 













f nat 





Page 1995 





Instruments & Automation 





oo 


thon 


q THE “COLLEGIATE” 
Analog Computer 





DO YOU NEED... 


@ Rapid solutions to 
differential equations? 

@ Accurate simulation of 
dynamic systems? 

@ A classroom teaching aid? 


DO YOU HAVE... 
@ A modest budget? 
@ Limited space? 


1 tHE “COLLEGIATE” 


3 = provides the answer 





Ideal for college classroom or 
laboratory, the “Collegiate” 
can be used to teach com- 
puter techniques, provide 
mathematical solutions, or 
simulate dynamic physical 
svstems. For industrial lab- 
oratories, tco...as a desk- 
side engineering tool or as a 
mobile simulator for on-the- 
spot svstems test and evalu- 
ation. Its low cost makes 
feasible permanent wiring 
for special purpose installa- 
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tions. 


The “Collegiate” demonstrates the flexibility of “Digitrol” 
Building Blocks in systems design and fabrication. Both 
analog and digital modules are available .. . including decade 
counters, flip-flops, gates, digitizers, servos and operational 
amplifiers. Modular, plug-in design minimizes maintenance, 
reduces engineering time and lowers cost. Available as 


components or in integrated systems. 
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Laboratory. and the object was to 
conduct a comprehensive study of an — 
aircraft nose gear system so that sta- 
bility. or lack of it. could be predicted 
for any actual system. 

The equations used describe a four- 
degrees-of-freedom system. They are 
linear, of seventh order, and contain 
sixteen different’) parameters which 
must be specified for each case. In 
the computer study the following 
procedure was used to find the effect 
of aireraft: velocity (Vi) and nose 
gear damping (C,). on system stabil- 


itv: 


1. Given: The 14 parameters (all 
except V and C,) that define a 
certain case. 

. Select an aircraft velocity (V) 
and determine those values of 
damping (C,) for which the sys- 
tem is ''neutrally stable.'’ Usual- 
ly there are two such values. 
Between them the system is 
stable, while it is unstable else- 
where at that velocity. 

. Repeat this for other velocities 
until a curve like that in Figure 
4 can be plotted. 


It is apparent that a “hunt-and-try” 
method would be necessary to find 
these points of neutral stability, but 
certain trends could be followed. and 
the answers came quickly. The prob- 
lem was originally run on a REAC 
(Series 100) and later on a GEDA 
1.3. The first cases studied were for 
the model shown in the movie. Thirty- 
seven cases of this tvpe were investi- 
vated and good agreement was found 
hetween computer and test’ results. 
Then full-scale tests were conducted 
at’ Bendix Products Division. Ben- 
dix Aviation Corporation, South 
Bend. Indiana. Measurements were 
taken with a B-25 nose gear in a 
Drop Test Dynamometer Rig and also 
in the aircraft during taxi tests. Again 
eood agreement was found between 
computer and test data. 

For the past three years all 
new landing gear designs have 
been evaluated according to Pro- 
fessor Moreland’s method. thus 
eliminating the dangers that ac- 
company violent shimmy. 


* 


Bird on Tank Simulation 


Second speaker of the afternoon 
was John W. Bird (Detroit Tank 
\rsenal} who spoke on “A Three- 
Dimensional Tank Simulation.” An 
abstract of John’s talk follows: 

The Research and Development Di- 
vision at the Detroit Arsenal is con- 
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structing the simulation of a physical 
system which involves a man riding 
in a tank and firing the tank gun at 
a target. The only unsimulated hard- 
ware being used is the man, seat, gun 
control handle. and gun sight. The 
rest of the physical system is simu- 
lated by digital and analog com- 
puters, and an integrated fighting 
compartment simulator is under con- 
struction at Lehigh Engineering As- 
sociates in Newark, New Jersey. 

This paper describes the simulated 
system by use of block diagrams in- 
stead of mathematical equations. The 
computer simulation is divided into 
three sections: the road function gen- 
erator, the vehicle simulation, and 
the gun control system. 

The road function generator is a 
digital computer programmed by 
punched paper tape with the accumu- 
lator connected to digital-to-analog 
converters. Each group of two digits 
of the accumulator is connected to 
one of three converters, depending on 
which sign digit is energized. This 
setup causes four converters at a time 
to put out voltages representing the 
vehicle wheel vertical velocities. A 
total of 12 wheels is thus actuated. 

The vehicle simulation was made 
over from the equations of motion 
of a jeep devised by the University of 
Michigan Research Laboratories. The 
tank hull is assumed to be a free body 
in space acted upon by the forces 
exerted by the wheel suspension sys- 
tem and gravity pulling on the hull 
center of rst While the tank i 
turning a corner, centrifugal force 
also acts on the vehicle. 

The gun control system is simu- 
lated by both digital and analog com- 
puters. The digital computer brings 
the gun to a point 244 degrees from 
the target, where the analog compute1 


takes over computing the gun_ to 
target distance for increased ac- 
curacy. The gun-control handle con- 
trols the Amplidyne which supplies 
orm to the gun. The gun rate gyro 
mo 


ifies the control handle signal to 


keep the gun moving at the called- 
for velocity. The gyro dynamic char- 
acteristics affect this modification. 
The motor has viscous and coulomb 
friction and inertia, which modify the 
motor output torque. Since the gun 
tends to stay fixed in space unless 
acted upon by outside forces, the 
motion of the tank over terrain only 
affects the gun indirectly by changing 
the motor inertial and_ frictional 
torques. 


Sattinger on 
Vehicle Suspensions 


The third and last speaker of the 
afternoon was /. J. Sattinger ( Wiilow 
Run i.aboratories, Ypsilanti, Mich.) 
who discuseed “Three-Dimensional 
Simulation of Vehicle Suspension Sys- 
tems.” An abstract of his talk is given 
helow: 

Beginning in January 1957 the 
Willow Run Laboratories of the Uni- 
versity of Michigan undertook a re- 
search program for the Ordnance 
Tank-Automotive Command to devel- 
op methods of simulating vehicle mo- 
tion in three dimensions. The  pri- 
mary purpose of the three-dimen- 
sional simulation is to provide in- 
puts to a vehicle motion simulator 
being installed the Detroit Arse- 
nal*, representing the motion of the 
hull with respect to the earth. This 
motion can be described in terms of 
three quantities representing trans- 
lation, and three quantities represent- 
ing rotation of the hull. 

In the research program the com- 
plete set of equations of motion was 
first written with as few assumptions 
as could reasonably be made. These 
equations were then used to prepare 
a computer diagram to determine the 
amount of equipment required. 

It was found that to represent 
the motion of a four-wheeled ve- 
hicle, the total analog equipment 
required would consist of some- 
thing like 160 operational ampli- 


*See the preceding talk, by John Bird. 
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fiers, 17 multipliers, and 16 
function generators. 

For a vehicle with a larger num- 
ber of wheels e orrespondingly greater 
amounts of equipment would be 
required. 

As the next step in the 
a considerably simplified version of 
the equations was set up on the ana- 
log computer. and a number of runs 
various configurations of 
obstacles and for various ve- 
This simplified simula- 
assumption that 
limited to 
effects 


were 


program, 


made for 
road 
hicle speeds. 
tion is based on the 
pitch and roll angles are 
10° or that gyroscopic 

and centrifugal force effects 
negligible, and that the vehicle 
a straight line. In essence the six de- 
grees of freedom of the hull were re- 
duced to only three pitch, bounce 
and roll. 

\s a means of determining the ade- 
quacy of this simplified simulation, a 
field test program is being conducted 
in which an XM-I51 (a Ford jeep) 
was instrumented and run over 
of triangular ramps of various sizes 
and spacings at various speeds. The 
field test and computer data then 
could be compared for what should 
he identical conditions. This compari- 
son work is still in progress, with 
final results not yet available. The 
early indication is that the data com- 
pare well in a general way, but that 
further work will be needed to achieve 
complete success. 


less. 


ran in 


a set 





He Went T hataway 


Bert Johnson to Central Regional 
Sales Manager. Electronic Associates 
Ine... Mount Prospect. Ilinois. 








Computer Events 





Midwestern Simulation Council 


Date: 12 January 1959 

Place: — Allis-Chalmers Manufactur- 
ing Co.. Milwaukee, Wisc. 

Subject: ““Application of Analog 


Components in Control Svs- 
tems” 


High-Speed Computer 


Conference 
Dates: 10-13 February 1959 
Place: Louisiana State University. 


Baton Rouge. Louisiana 


Western Joint Computer 
Conference 

Dates: 3-5 March 
Place: San Francisco, 


1959 
Calif. 








Magnetic 
damping 

in minimum 
volume 


with GLENNITE® AW-1 
linear potentiometer 
accelerometers 


For the first time, magnetic damping 
inasmall, light weight, efficient 
package! 


Utilizing a new seismic suspension 
which considerably reduces friction 
and hysteresis, the GLENNITE AW-1 
Series accelerometers have minimum 
lateral sensitivity and excellent lin- 
earity. These instruments meet re- 
quirements of MIL-E-5272A, as 
amended, and may be mounted either 
parallel to or perpendicular to the 
sensitive axis. 

Available in ranges +1 to +10¢ 
full scale. And with tap settings as 
required. 





Call in Gulton 


Whether you need a single instrument 
or a complete system, Gulton is cap- 
able of meeting all your needs in ac- 
celeration measurement and control 
from transducer to readout equipment. 
Call in a Gulton instrumentation Engi- 
neer on your next assignment—or on 
your present one if you have a problem. 











GULTON INSTRUMENTATION DIVISION 


Gulton 
Industries, 
4 inc. 


Metuchen, 
New Jersey 
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FOR FURTHER INFORMATION USE THE FREE ORDER CARD ON PAGE 203! 


Here are details on the four new electronic process con- 
trol systems shown first at the ISA Show in September 


and reported on in short form in our October issue. 


FOXBORO CONSOTROL 


This new d-c system (10-50 ma, 
600 ohms) includes the Series T 600 
Transmitters and Converters, Model 
M64 Recorders, Model M65) Indi 
cators, Models M/61 and M/62 Con 
trollers and Control Station (also 
Pane! Combination), and the T/69 
Valve Operators. 


Transmitters are available as force- 
balance and motion-balance types, and 
use mag amps (no tubes) and silicon 
rectifiers. Transmitter output is 0.4 
to 2.0 ma with external loads of 
10,000 ohms, which signal can be used 
in low-level logging, ete., or this sig 
nal is amplified to 10 to 50 ma (by 
mag amp). Force-balance types are 
two-wire and use transistors (no 
tubes.) 


Converters are of the resistance-to- 
current and emf-to-current type and 
feature magnetic amplifiers. A Zener 
diode regulating circuit provides the 
constant-voltage cold-junction source 
(no standard cell or standardization 
required). Their accuracy is +0.5% 
of full scale. 

Recorders have 4” chart, need no 
amplification, have 10-50 ma _ input, 
and come in l-or 2-pen models, Pens 
are driven by magnetic torque motors. 


Indicators are made as precision 


milliammeters. 


Controllers ave self-contained 
(plug-in) with front adjustments and 
are independent of the operation of 
the recorders. No vacuum tubes are 
used. Inputs are 10 to 50 or 0.4 to 2 
ma; output is 10-50 ma. (Amplifica- 


Recorder-Controller 


Controller 





RODS e TUBES 


CIRCLES & SPECIAL SHAPES 


EXPERIMENTAL and 
PRODUCTION BLOWING 








—- Your Inquiries Invited — 


CRYSTAL GLASS TUBE & CY 





GLASS CYLINDERS 





FABRICATED 
and CUT 
to Your 
SPECIFICATIONS 











Glass Tubes and Rods for Scientific Use—Lamps, Furniture, Lighting & 
Decorative Fixtures—Display Domes—Contract Cutters of Tube and Rod. 


LINDER CO. 


7318 South Chicago Ave. @ Chicago 19, III 

















tion in the universal model M /62 is by 
transistors. All modes of control are 
available with the proportional band 
being extra wide: 2 to 500%.) Flow 
controllers (M/61) are simplified, use 
mag-amps, and have proportional- 
plus-reset action only, with a band 
of 50-400%. 
























Control Stations are 3” x 6”, and 
come in individual and multiple-units, 


0 in combination with recorders 
















Valve Operators can be electro- 





pneumatic or eleectrohydraulic; latter 






in be mounted integral with the 
valve and use the controller’s 10-to- 


50-ma output directly. Force-balance 







type electropneumatic converters con- 


ie 


— Cw 
i al © 













Electro-Pneumatic Converter 






vert the controller’s output to a pro- 
portional 3-to-15-psig air signal for 
operation of pneumatic valves. The 
converter’s torque motor needs no 
amplification or line power, only 20- 
psig air supply. 
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LEEDS & NORTHRUP 
MINIATURE SYSTEM 


The L & N Miniature Electronic 
Process Control System uses a 1-to-5- 
ma d-e signal throughout for standard 
- operation, and a 0-to-4-ma signal for 
data handling and automatic computa- 
tion. Included are transmitters, re- 
corders, controllers, and electropneu- 

























matic converters, 





In any imaginable shape 
yah mmuikeldalialolol(-Maal-tfelmelae liek tile 
Sizes for 6 through | O.D. tubing 


There's a Swagelok fitting for the most 
aghikcel mel ol ol itch itels) 


For pressures or vacuums Swagelok tube fit- 
tings provide dependability where it counts 






L & N Controller-Recorder 





For complete information and catalog write Dept B 6 
Transmitters are transistorized and 


of two types: (1) the emf-type trans- 

mitter (used for thermocouples, strain 

gages and other primary elements 

that have an electric signal) and (2) 884 East 140th Street ° Cleveland 10, Ohio 
For more information circle 69 on inquiry card 
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NEW: 


PENBERTHY 


ILLUMINATORS 
for Liquid Leve/ Gages 


58 WATT 
3000 HOUR 
BULB 


accurate 
readings 


overall illumination 


4 no glare 


no blind spots 
Faster, more accurate liquid level readings are 


provided by Penberthy’s new, improved, ex- 
plosion-proof, dust-tight illuminators. 58 Watt 
Bulb (with medium screw base) gives higher 
light-intensiry for 4-times the life of ordinary 
illuminators. Exclusive rugged aluminum 
housing over bulb extends bulb life, offers 
better protection and simplifies relamping 
Clear plastic wedge diffuses light over entire 
length of gage glass. 


Illuminators are easily installed on present 
or new gages. Available in single or double 
sections, they are used in combination for 
gages with 3 or more sections. Approved by 
Underwriters’ Laboratories for Class 1, Group 
C and D hazardous locations. 


For further information on 
¥ Penberthy Hluminarors 
quid level gages and 

‘, write or phone 


Ask for Catalog 3 4¢ 


. 
bd 
y 
i: 
7 


— | 


PENBERTHY MANUFACTURING CO. 
Division of Buffalo-Eclipse Corporation 
1242 Holden Ave., Detroit 2, Michigan 
For more information e 70 on inauiry card 
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NEW INSTRUMENTS 





Controller Features 
Rear Adjustment 


(for flow, level, and 
pressure pickups with motion signal). 


the position-type 


Recorders have high-torque servos 
which permit the use of re-transmitt- 
ing and alarms. Chart 
moves vertically; width is 4”. One or 
2 Amplification is 


slide-wires 


pens are available 
by vacuum tubes. 


Controllers are essentially transis- 
torized. Control] settings are in the rear 
to eliminate tampering. Ratio and cas- 
cade control is obtainable in a single 
instrument; the latter ineludes built- 
in hi and lo limit adjustments of the 
secondary control point. External load 


is 500 to 2,500 ohms. 
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MINNEAPOLIS-HONEY WELL 
ELECTRONIC TEL-0-SET 


This miniaturized two-wire 
(4-20 ma d-c) consists of transmitter, 
controller, and final control 
element, with 20 major types of in- 
struments available. Only two wires 
required throughout the system 
the 4-20-ma signal serves as 
both excitation and signal. 


system 


recelver, 


are 
because 


Transmitters of the millivolt-to-cur- 
‘ent type handle signals from thermo- 
couples, thermometers, 
process stream analyzers, load cells, 
radiation tachometers, and 
preamplifiers for pH or conductivity. 
Front pane! opening permits calibra- 
tion without removal from mounting 
Dif ferential-pressure-to-current 
transmitter, for flow or liquid- 


resistance 


detectors, 


rack. 
used 


elemeter 


ANY VARIABLE 


from Remote Points 


MODEL 
1025 


MODEL 
1090 
Receiver 


Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 
over Wire Lines, Microwave, 
and Power Line Carrier 

The Model 1025 Tele- 
meter Transmitter con- 


verts DC mv from thermal 
converters, etc., to 10-30 


HIGH-SPEED cps which frequency mod- 
ulates a built-in audio tone 


j ha 1 AC 3 > 
Continuous a your aa de de 
Telemeter 


available. Receiver detects 
for 


and demodulates transmit- 
ted signal, generating a 
DC mv for operation of 
VOLTS recorders or indicating in- 
AMPS struments. Up to 45 tele- 
WATTS meters can be multiplexed. 
Any communication 
VARS link, including power line 
ETC. carrier, microwave or wire 

line may be used. 
e Over-all accuracy is 1% 
“a with a response speed of 1 
Built-in second. Equipment fea- 
tures a built-in calibration 
Self- circuit for 10° and 90; 
= receiver check, and 10 cps 
Calibrating and 30 cps transmitter 

check. 

Ci c it Any quantity which may 
Hf ul be converted into a DC 
millivoltage or will oper- 
ate a slidewire may be tel- 
emetered, 


WE CAN HELP YOU 
Our Applications Department is 
ready to assist you in your control, 
telemetering of communications 
problem. Phone DEerfield 4-3100. 


Write for Technical and Application Data. 


Kadio Frequency 
LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 
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level applications, has standard bel- 
lows meter body mounted at rear with 
torque tube projecting into case. 
Rangers are 0” to 20” and 0” to 400” 
WC. 

Pressure Transducers make electric 
and pneumatic systems compatible. 


| ~ CHATILLON © 
IS0-ELASTIC” 


the alloy to 
remember when real 


RECISION SPRINGS «= 


are needed 


Weather-proof case is available for 
either unit. Pneumatic signal can be 
sensed at one location and repro- 
duced five or more miles distant. 
Recorder-receiver has visible vari- 
able index and evenly graduated scale. 


PUTTAR LAL 


| 


{ 
i 





} 


=H MAMA 


— 
— 
_ 
—s 
_— 


Receiving instrument is made also as 


indicator. al 


Controller has back-of-pane! mount- 
ing, 0-300 proportional band, 0.1- 
100 rep min, and 0-8 min rate ad- : : ; : : , , 
I ; \ : Giants of American instrument industry, including such firms as... 
jJustment. Integral assembly permits 2 
erection of panels without need for @ Bulova Research & Development Laboratories, Inc. 
wiring between the two units. Set @ Eclipse Pioneer, Division of Bendix Aviation Corp. 
point and valve current are contin- @ Federal Telecommunication Laboratories, Inc. 
shy — rit ao ; ad- ; 
uously wigenys d | with : igor ad ei Ganarabitlectcic.@a. 
justment). A switch provides change 
- ; @ Sperry Gyroscope Co. 
from automatic to manual control. siti dad P 
and many others think of CHATILLON, when instrument design 


calls for the ‘‘world’s most accurate spring”. 


CHATILLON .. . the leading manufacturer of precision springs is 
particularly proud of the improved performance record of instru- 
ments using the noteworthy CHATILLON developed temperature- 
compensated alloy ‘‘Iso-Elastic’’. The hysteresis error of this remark- 
able spring is less than .05°% of deflection. Drift does not exceed 
.02% of deflection in 5 minutes. These characteristics plus tempera- 
ture compensation insure the ultimate in precision spring production. 


CHATILLON makes Extension, Spiral, Torsion, Compression and 
Form Springs of Iso-Elastic material, as well as springs of all con- 
ventional alloys. 
To find out how ‘the World's Most Accurate Spring’ can better your 
product and for engineering bulletins, write CHATILLON SPRING 
DIVISION. 

U.S.A. Pat. No. 2174171 


JOHN CHATILLON & SONS 


Controller Features 85 CLIFF STREET, NEW YORK 38, N.Y. 


1 4 
oat ee Manufacturers of Scales, Force Measuring Instruments and Precision Springs Since 1835 
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BOURDON 
TUBING 


ACCURATE ONE 
INCH TO ONE MILE 


Constant wall thickness . . . con- 
sistent spring properties ... exact 
duplication . .. whether a "C", a 
helix, or a spiral—Precision 
Bourdon Tubing meets all these 
requirements. Precision’s modern 
production facilities offer you in- 
strument tubing to meet your most 
exacting specifications— tubing 
preformed or straight. 

Precision also offers Coaxi- 
tube, o metal shielded wire con- 
sisting of an inner conductor, in- 
sulation and seamless non-ferrous 
metal tubular shield forming a 
coaxial pair of conductors. Semi- 
rigid equivalents to all RG/U 
cables. 

Write for full details on "Preci- 
sion Tubing For Precision Insivu- 
ments” to Dept. 3, Precision Tube 
Corporation, North Wales, Pa. 


Z 


Gy 
RECISION 


Page 2002 


TUBE COMPANY 


mationc 


rcle 73 on inauiry 


Instruments & Automation 


cara 
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TAYLOR ELECTRONIC 
CONTROL SYSTEMS 


The Taylor Electronic Control Sys- 
tem includes both a-c and d-c trans- 
mission systems. The a-c system uses 
0-to-200-mv transmission signal, the 
system 1-to-5 ma. In both cases 
the controller output is 1-to-5 ma d-e. 
A converter-amplifier feeds the con- 
troller in the system. Basic ele- 
ments include transmitters, recorders, 
controllers, and valve positioner. 


d-c 


a-c€ 


Transmitters in the 700 series are 
made for temperature, pressure, and 


flow. Potentiometer Transmitter 
TOOT, in the field for 3 years, fits well 
into this system. Pressure transmit- 
ters use Bourdon springs, mechanical- 
ly coupled to a simple differential 
transformer. Amplification at the 
transmitter is not needed. 


models 
and have 


Reeorders 


only 


come in one-pen 


(for the time being) 


La) 
PR REREAD | 


horizontally-moving 4” chart. Ampli- 
fication is by transistors operating a 
null-balance servo motor. 


Controllers for a-c and d-c systems 
are interchangeable when a_printed- 
circuit card is substituted. Two plug- 


in controller models are made, both 
using vacuum tubes. The standard 
model 0.4 to 200% proportional 
band with 0.05 to 32 repeats/min re- 
set. The fast reset model has 4 to 
2000% proportional band and _ reset 
rate of 0.5 320 repeats/min. Both 
have optional derivative time covering 


has 


to 


ELECTRONIC 
TEST 
EQUIPMENT 


PHASE SHIFTER 


Models PS60 & PS400 


For measurement and 
comparison of phase 
angles or as a second- 
ary phase standard 


SPECIFICATIONS 
9-360° (continuously variable) 
+1 degree 
(Higher accuracies available) 
60 CPS for PS 60 
400 CPS for PS 400 
(other frequencies available) 


FREQUENCY STANDARD 


A SELF-CONTAINED 
FORK STABILIZED 

FREQUENCY SOURCE 
¢ Accurate 

* Stable 

¢ Low Distortion 

¢ Variable output voltage 
¢ Compact 


RANGE 
ACCURACY 


FREQUENCY 





Mode! 
SPECIFICATIONS 

Available to .005% 

Less Than 1% 

400 CPS or 1000 CPS 

Other Freq. Avail.) 
6x9x6 inches 
115 volts, 60 CPS 


OTHER MOOELS AVAILABLE 
MODEL 600 DESCRIPTION: Utilizes scaling c is 


cuits to provide tuning fork accu 
‘ooo racies at frequencies below the 


range of precision tuning forks 


AUTOMATIC HI-POT TESTER 


Model A FAST, ACCURATE, 
DIELECTRIC TESTING FOR 
MULTI-CONDUCTOR 
DEVICES 


DESCRIPTION: The function of 
this instrument is to apply in 
programmed sequence a known 
voltage between the various 
conductors under test for a 
specific period of time and to 
indicate breakdowns when and 
where they occur. 


SPECIFICATIONS 


.. 0-2000 Volts RMS 
aa seconds 
1 


1400 


ACCURACY 
uvisTORTION 
FREQUENCY 


Dimension 
Power Supply 





TEST VOLTAGE 
TIME ... * 
NUMBER OF TEST TERMINALS... 


NULL DETECTOR 





A sensitive battery operated null detector ideal for 
shering bridges or other applications where com- 
plete isolation from power lines is desirable. 


* Long Battery Life * High Harmonic Rejection 
Shielded against external fields 
SENSITIVITY: 1 microvolt for 1% deflection 


5 ay, 
Ml 3 
2, TECO: Reps in Principal Cities 


INDUSTRIAL TEST EQUIPMENT CO. 


55 E 11th ST NEW YORK 3 GR 3-4684 


Write for Catalogs 


For more information circle 74 on inquiry card. 
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0 to 24 min. Adjustments can be made 
both from front or rear. A unique 
diode limiter network in the controller 
eliminates reset wind-up resulting in 
improved controllability. Output cur- 
rent is 1-to-5 ma d-c¢ into any 0 to 
10,000-ohm actuator load resistance. 


Valve positioners of the electro- 
pneumatic type are force-balanced and 
use a powerful torque motor. 
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AUTOMATIC ANALYTICAL 
BALANCE 


New Mode] 301A balance features 
l-second measurement time and 0.2°, 
accuracy in five automatic ranges 
from 30 to 3000 milligrams full scale. 


Weight of sample placed on balance is 
given directly with no mechanical ma- 
nipulations. Conventional difference 
methods may be used to extend the 
range to 200 grams.—E-H Research 
Laboratories, 2161 Shattuck Ave., 
Berkeley 4, Calif. 
155 


AUTOMATIC CHECKWEIGHER 


New Automatic Checkweigher, Se- 
lectrol Model 1250, weifhs cases, car- 
tons and bags from 20 Ib up to 100 
lb. Accuracy is 0.1% in this range; 
speeds up to 30 products per min are 


obtainable. Designed for installation 
in a production line, cases or bags are 
weighed in motion. The Selectro] is 
available with underweight and or 
overweight rejection mechanism or 
only with electrical signal output. 
Read-out to printing equipment is 
available up to 31, for recording 0 to 
15, and 0 to —15, by single incre- 
ments._-Ewact Weight Scale Co., 538 
E. Town St., Columbus 15, Ohio 
156 





Buyers’ Guide Correction 
In the Deseriptive Direetory seetion of 
YQ Iustruments & Automation 
Buyers ruide } see advertisement 


Dynamic 
heuld 





check your 


process instruments 


on stream with 


y TRANSMITTER 


sensitive to pressure 
changes as small as 
0.01% of full scale 


Accuracy: 0.1°% of 


full range 
A-755 with 
cover removed 
26 pounds ea Standard range: — 1 to 24 
812" x 13%" x 19%” 4 p.s.i. other ranges available 


For complete information, write to Dept. A-!24.48 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET, BELLEVILLE 9,NEW JERSEY 


CHLORINATOR OR _- RECORDER — CONTROLLER 
SULFONATOR 4 








—O.R.P CELL 


‘CYANIDE OR —. HARMLESS 
WASTE 








An oxidation-reduction potential cell, monitoring treated waste 
provides the signal for recording and controlling treatment 
chemical quantities in a typical W&T waste treatment system. 


For Full information on WaLLACE & TIERNAN INCORPORATED 


Industrial Waste treat- 
ment write Dept. 1-60.48 





25 MAIN STREET BELLEVILLE 9. NEW JERSEY 
In Canada, Wolloce & Tiernan, itd. — Toronto 
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STRAIN GAGE FILAMENT 
New one-piece filament in weldable- 
type resistance-wire Strain Gages has 
made possible improvements such as 


temperature calibration and actual 
adjustment to temperature sensitivi 
ties before mounting. Gages may be 
used to 1600° F for dynamic strains. 

Micro-Test, Inc., 657 North Spauld- 
ing Ave., Los Angeles 36, Calif. 


4 2 157 


e SPEED INDICATING SYSTEM 
New package uses d-c tachometer 

yenerator with 4-'%” panel-mounted 

. meter to give full-scale speed indica- 


an Taal elolmectant tions ranging from 100 to 12,000 rpm. 


Generator and indicator are connected 
Sid-omlamaal> 
stairway 


to space 


by a low-voltage cable up to 500 ft 
in length without affecting the sys 
tem accuracy. Use of a permanent 
magnet generator eliminates the need 
for batteries, external power, or 
periodic calibration.-Nervo-Tek Prod 
wets Co., LIne. 1086 Goffle Rd., Haw- 
thorne, N. J. 
158 y 


RAPID-RESPONSE SOLENOID 


New high-speed solenoid, R.S. 5174, 
designed to operate with a 24-lb load, 
starts its 0.020-in stroke at a maxi 


DATA INSTRUMENTS 


mum of 14 msec and completes its 
travel in less than 20 msec from cir- 
cuit closing. Voltage rating is 24 vde 
at 78°F.—Telecomputing Corp., Telco 
Sales Div., 915 North Citrus Ave., 
Los Angeles 38, Calif. 

formation role 189 
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POWER SUPPLY 


New Model 137A/PS Power Supply 
output of 18 watts 
220v and 


produces a d-« 


regulated within 0.5% at 


» input rating 
Land-Au Tne., 
Fasteri 
AVE, 


220v from ar } 
from 60 to 400 evcles. 
California 


Wilson 


subsidiary of 
Aviation, Tne.., 7444 W 
Chicago 31, 11. 

160 


CALIBRATING BATH 


double-unit Thermometer-Cali- 
Sath, allows the 
calibrate a large number of 


New 
brating 


ator to 


which oper- 


thermometers at two different tem- 
the time, has 
completely baths, 


peratures at same two 


separate equipped 
to develop temperatures ranging from 
above room temperature to 260°C, 
0.2°C., 
Tustrument Co., 8030 
Spring, Md. 


161 


6c 
with a constancy of 1 mer- 
can Ge orgia 


Ave 


sitees 


SOLID-FRONT PRESSURE GAGE 
wae cast 
to divert 


and 


de- 


has a solid 
metal front 


the force of a 


Safe-T-Gage 
plate 


signed burst 


DATA 


ta 


backward direction, away from 
Made in 4-'2-inch and 
pressures up to 
measured.—Heli- 
Chain 


in a 
the 
6-inch 


operator. 
dial sizes; 
20,000) psig can be 
Gage Div., 
Co., Ine., 929 Connecticut Ave., 


coid American 


Cabk 
Bridgeport 2, Conn, 
© information 162 


f 


Di Relcm lor, 


data analysis system 


INSTRUMENTS 
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RELIABILITY. .. 
THE SOLUTION 
TO YOUR 
ELECTRONIC 
COMPONENT 
PROBLEMS 


Designing reliability into 
electronic components and 
instrumentation is Borg 
Equipment Division's business. 
Borg’s reliable engineering, 
research and production 
facilities are at your service 
for commercial or military 
projects. Bring your component 
reliability problems to Borg. 
You'll enjoy working with 
our cooperative, creative 
engineering staff. The result 
will be a sound, practical 
and reliable solution at 

a considerable saving of time 
and money. Here are just 

a few of the products 
manufactured by Borg . 


FREQUENCY STANDARDS 
AIRCRAFT INSTRUMENTS 
POTENTIOMETERS 
MULTI-TURN COUNTING DIALS 
FRACTIONAL H. P. MOTORS 


SPECIAL DESIGNS 


WRITE FOR COMPLETE ENGINEERING DATA 


hull 
G22 


by fb 
- A ower 
a a 


BORG EQUIPMENT DIVISION 
The George W. Borg Corporation 
JANESVILLE, WISCONSIN 
“pasar i 78 : 
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HIGH-SPEED BAGGING 


New high-speed Packing Scale, 
Model 2N18CC, is an automatic du- 
plex filling unit, consisting of two 
net weigher scales discharging into 


a common hopper; features high 
speeds with pin-point accuracy. Unit 
can be set to make from 25 to 30 
dumps per min for package capacities 
of from 25 to 100 |b each.—Thayer 
Seale Corp., Pe mbroke. Mass. 
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DIGITAL BUFFER STORAGE 


New Core Stovage Buffer, Type 
1092-BQRA, stores up to 1092 char- 
acters of eight bits each and operates 


at a 100-ke rate. The unit features 
interlaced load and unload; internal 
checking circuits; integral power sup- 
ply; expandable capacity. Solid-state 
elements such as ferrite cores, tran- 
sistors, and diodes, are used through- 
out.—Telemeter Magnetics, Inc., 2245 
Pontins Ave., Los Angeles 64, Calif. 
' 164 


TUBE FITTINGS 


New Hi-Seal flareless tube fitting 
that makes a butt joint, introduced 
recently in stee) and stainless steel, 


comes now in brass. As it is possible to 
put the sleeve on in only one direc- 
tion it secures foolproof assembly. 
Imperial Brass Mfg. Co., 6300 W. 
Howard St., Chicago 48, 10. 
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Vol. 31 


— Outstanding 


Accuracy 


PALMER 


Dial Thermometer 





riTS ALL BI- METALLIC WELLS 


Check these functional features 


® Direct-drive Bourdon Coil with 
a filled system for longer 


lasting accuracy. 


Stem can be placed at any desired 
angle and case can be rotated 
to most readable position. 


External calibration for zero setting. 
Unatfected by stem alignment. 
Accurate to one scale division. 

No sticking at any temperature, 


Non-corrosive case, 


PALMER 


THERMOMETERS, INC. 


Mfrs. of Industrial Laboratory, 
Recording and Dial Thermometers 


2515 Norwood Ave., Cincinnati 12, O. 
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Dynisco 


FORCE 
TRANSDUCER 





MODELS 


\ncorporates 


Unbonded Strain Gauge 


HIGHLIGHTS 


el 


m MEASURES BOTH 
TENSILE AND 


COMPRESSIVE FORCE 


m FORCE PROBE 
DISPLACEMENT 


LESS THAN 
0.00035 INCHES 


Pm OVERALL ACCURACY 
BETTER THAN 1(°% 


Bm VERY HIGH NATURAL 
FREQUENCY 


wm SMALL SIZE 
& WEIGHS ONLY 2 OZ. 
FORCE RANGES 
0-5 to 0-2000 LBS 


REQUEST BULLETIN 
NO. IIA 


For more information on Dynisco 
pressure, force, flow, and dis- 


placement pickups, 
write: 


DYNAMIC INSTRUMENT CO. 


42 Carleton Street 
Cambridge 42, Mass. 


‘UN 4-1260 





OPTICAL PYROMETER 


New Shawmeter, an automatic 
optical pyrometer, measures tempera- 
tures of any solid, liquid, or luminous 
flame in the 1400° to 4000° F range. 
Emissivity corrections are eliminated 
because of the instrument’s independ- 


ence of total radiation; and because 
very little radiant energy is required 
for operation, temperatures may be 
measured from a considerable dis- 
tance. Temperature is indicated on a 
7” meter, calibrated in degrees. A 0- 
io-100-mv output is provided for driv- 
ing a strip chart recorder or a con- 
troller. Speed of response is less than 
In Sec, Nhaw Lustrument Corp., 49 


Verona Ra., Pittsburgh oi. Pe. 
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THERMOCOUPLE GLANO 


New Type “C” Bare Wire Thermo- 
couple Gland provides a_ positive 
> 


method for sealing 2 or more bare 


wires at pressures of 0.005 microns 


to 20,000 psig, and seals and termi- 
nates up to & hare wires (24, 20, or 
1A gagvey. Made of Type 308° stain- 
Jess stee) it can be furnished with an 
open-end tube to provide mechanical 
protection for the wires in high-veloc- 
ity or viscous fluids. Sealants ere 
neoprene, Teflon or lava, and insu- 
lators are of ceramic.—Conax Corp., 
2300 Walden Ave., Buffalo 25, N.Y. 
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TAPE READER 


New Accessory PR-2 is a_ photo 
electric tape reader that permits any 
external numeric code punched on 5-, 
6- or 7-channel tape to be read into 
the G-15 Computer. New Accessory 
CA-2 permits standard 80-column 
cards, punched in conventional numer- 
ic or alphanumeric codes, to be proc- 
essed by the G-15 at high speed, and 
the high speed tabulation of numeric 
or alphanumeric printed copy. Infor- 
mation may be read or punched at the 
rate of 100 cards per min.— Bendix 
Aviation Corp., Computer Div., 5630 
Arbor Vitae St., Los Angeles 45, Calif. 
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EASIEST 
TO READ 


DANES 


EVER 
DEVELOPED 


3-DIGIT 
10-TURN 


BORG 
DIRECT-READING 


MICRODIALS 


Inline digital presentation 
is the easiest, most accurate 
way to read numbers! Yake 
advantage of it with Borg 
Direct-Reading Microdials. 
Glance at the dial... 
there’s your reading... 

jot it down. It’s that easy! 
Available in 3, 4 and 
DS-digit models. Also 
available... light-weight, 
3-digit model 1309 for use 
where weight is a problem. 
Write for complete data. 


ASK FOR CATALOG BED-A90 


MICROPOTS 
Gy MICRODIALS 
MOTORS 


BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 
JANESVILLE, WISCONSIN 


nation circle 6? 
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NEW INSTRUMENTS 





STROMBERG-CARLSON, 


Type “A” Relays 


HIGH-PRESSURE 
THERMOCOUPLE 


New Armorox 


e _ . 
with sures up to 50,000 psig is metal- 
sheathed ceramic-insulated. Sheathing 
. - 
Plug-in mountings 


is available in stainl: teel and In 
conel, Thermocouples are available in 
Chromel-A] mee, iron-constantan, 
copper-constantan, and other mate- 


rials, Th hristol o., Waterbury 20, 


Conn, 
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ELONGATION TESTERS 


New Model CRE Tensile Elongati 
rester, provides a constant rate of ex 


tension of speciment by upward mov- 


‘or fast, easy removal and replace 
i you can get Stromberg-Carlson 
Type “A” Relays with plug-in 
mountings. 

The Stromberg-Carlson Plug (il- 
lustrated above) automatically locks 
the relay in place and guarantees a 
low-resistance connection between 
plug and socket. Its 36 terminals 
provide enough connections for prac 
tically all relay applications. Coils 


OFERATOE CEMAIKS HEATED 


thermocouple for 
temperatures up to 2000°F at pres- 


n 


miniature 
encapsulated 


“MAGNETIC” 
MERCURY 
SWITCH 


mature 


magnet 


Capillary 


movable 
contact 








Actual Size 


CAPILLARY TYPE MAGNET OPERATED 
MERCURY SWITCHES 


Moveable contact in the hermetically sealed 
switch makes contact by penetrating opening 
in the capillary tube (see illustration). Capil- 
lary tube is positioned so as to be supplied 
by the mercury in the well. 


VERY LITTLE POWER REQUIRED 
TO OPERATE SWITCH 


Adaptable to applications where a mechani- 
cal movement of approximately 0.007 (mini- 
mum) with a force of 2 grams is available to 
move the permanent magnet. Can be oper- 
ated by small DC electromagnets for incor- 
poration in electric or electronic equipment. 


and contacts are wired to terminals ans 

as your needs dictate. Contacts can ing crosshead. 
, : . ° . a | o O- lh ° (0-25 gre Ss 

be furnished in silver, palladium, 0-0.05 Ib to: 0-1,000 ib or 0-20 grams to 


gaara HIGH SPEED OPERATION 
gold alloy or palladium-silver alloy. gs, tensile.—Scott Testers, 


coahese 2 5 : : Inc.. 45 Blackstone St.,. Providence, Speeds of 400 cycles per minute (at maxi- 
Spring combinations possible with 4 


R.1 mum rated load) are obtainable. Kigher 
this assembly are 17 Form A or Form ane speeds are possible depending upon load 
3; 10 Form C or Form D. 


characteristics. 
Also available in an “‘A”’ Relay is VARIABLE MOUNTING ANGLE 
a plug used with commercial radio VIBRATION METER “ i . 
hinge le aie ¥ Chem ; inne a te Peete peration is possible even if switch is tilted 
type — kets. It can mount relays New Model T-1 Vibra ion Me eI Tor as much as 45° from vertical position. 
with 8, 9, 12 or 20 use in conjunction with the TD-Series 


usin ELECTRICAL CONNECTIONS 


For technical de 
aoe ; 1 ‘dering Electrical connections to switch are made 
tails and ord ate sicamike ex canon eae 
information, senc 
for Bulletin T- 
5000R, available on 


request. Write to: 
Type 6-81 normally open and Type 6-83 


Sc 
y - normally closed. 


ABR 5 vig 
Donde AC. 115 


urement of displacement 
STROM BERG-CARLSON 


amplitude, and acceleration has bat- 
VISION OF GENERAL DYNAMICS CORPORATION 


transistor circuitry.— 
TELECOMMUNICATION INDUSTRIAL SALES . ; Santer . 
113 Carlson Road, Rochester 3, N. Y | Co., 2831 S. Post Oak Rd., Houston, 


Electronic and communication products 
for home, industry and defense ‘ 171 
» informe e 82 on inquiry card 
Pave 2008—Instruments & eae ol. 31 


Capacities are from 


0-500 kgs, 


170 


ibration Pickups for accurate meas 


eliminating 
lead wires attached directly to the switch. 
They are however, available with lead wires 
of various lengths. 


ELECTRICAL CAPACITY 


V., O:33A.; O.C. 115V., OSA. 
velocity, 
Write for Bulletin 


rv-powered 
6-81 


Southwestern Industrial Electronics 
THE MERCOID CORPORATION 
4201 Belmont Ave., Chicago 41, Ill. 


For more information circle 83 on inqu'r 





ELECTRONIC COMMUTATOR 


New solid-state high-speed Elec- 


tronic Commutator commutates either 


a-c or d-e signals to a voltage-to-digi- 
tal converter, or the output of a digi- 


tal-to-voltage converter into a number 
of channels. A maximum of 1000 
channels of information, at rates of 
up to 100,000 samples per sec, can 
he handled. Packoard-Rell Eleetronies 
Corp., Technical Products Div., 12333 
W. Olympie Blvd., Los Angeles 64, 
Cali 
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FORCE CALIBRATION 


New completely-transistorized elec 
tronic system, pow? red by six conven 
tional flashlight batteries, is designed 
for the calibration of force-measure 
ment systems. The force is applied to 
a load ring which has a differential 
transformer attached to its internal 
bosses. Ring deflection is sensed by 
the differential transformer and 
transmitted electrically to a null-bal- 
ance instrument. Portable and accur- 
ate to 0.1° it has a sensitivity up to 
20 microamps for 0.0001” of ring de- 
flection.—-Morehouse Machine Ce 
1742 Sixth Ave., York, Pe nea, 
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V-NOTCH POSITIONER 


New pneumatic V-notch Positioner, 
designed for use with company’s V- 
notch Chlorinators, convents 3-to-15- 
psig signals from any standard pneu- 
matic transmitter to a mechanical 


movement which positions the V-notch 
variable-orifice providing a simple 
way for remote-manual, program, 
step-rate, or automatic-flow-propor- 
tional chlorinator feed-rate control.-— 
Wallace & Tiernan Inc., 25 Main St., 
Belleville 9, N. J. 
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guest of the Sky 


Heise gauges used 
by research engineers in 
the development of modern 
turbo-jet engines provide 
the reliability, correlation on 
and repeatability 
necessary to 
scientific 
progress. 


Actual operating conditi 1s are reproduced in 
the Cox Test Stand built by Commercial Research 
Laboratories to test for optimum efficiency of jet 
fuel nozzles. 
The six Heise gauges incorporated in the test stand 
feature in the vital and exacting performance which this 
instrument must accomplish. 

Higher air speeds, rates of climb and economic fuel con- 
sumption, factors which every day reach and surpass new 
levels of efficiency, are made possible by the continuing 
efforts of research men equipped with today’s most accurate 
instruments. 


Pressure Ranges 15 to 20,000 P.S.!. 
Prices from $166.75 
», DELIVERY WITHIN 30 DAYS. 


- 


Dial Sizes 812"-12"-16" 


HEISE BOURDON TUBE COMPANY, INC. 


BROOK ROAD, NEWTOWN, CONNECTICUT, U.S.A. 
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defined by the dictionary 


. "the quality or state of 
being precise; accuracy; 
mechanical exactness.” 


Cy 
— GIA AZ =} 


g ae * ; 
\ “ 
ae / ? YUNG) 3 <> 
a TF i eZ, 


Individually Set To Order. 
Mass Produced For 
industrial Requirements. 


For detailed intormation, 
send specifications or contact 


ONE OF THE LARGEST FACTORIES OF 


PRECISION 


defined by an instrument 
maker... 


Sutil newer 


JEWEL BEARINGS 


Sapphire and Ruby 
Precision Jewel Bearings 
FEATURE 

@ exact tolerances 

@ high shock resistance 

@ low friction coefficient 


FOR 


e INSTRUMENTS e CLOCKS 
@ METERS @ MEASURING DEVICES 


SWISS AMERICAN JEWEL BEARINGS CO. 


46 Cherry Lane, Floral Park, New York 


ITS KIND IN THE WORLD 
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HARDNESS TESTING 


SCLEROSCOPE 
FOR TESTING 
THE HARDNESS 
OF METALS. 
PIONEER AMER- 
iCAN HARDNESS 
STANDARD. 
OVER 40,000 

IN USE. 


DUROMETER 
FOR TESTING 
THE HARDNESS 
OF RUBBER & 
RUBBER-LIKE 
MATERIALS 
(ASTM D676) 
(ASTM D1484) 


SHORE INSTRUMENT 
& MFG. CO., INC. 
90-35 VAN WYCK EXP. 
JAMAICA 35, N. Y. | 
l 








Flow 
Visualization 


Instrumentation 


Schlieren Systems 
Shadowgraphs 
Interferometers 

Wind Tunnel Opties 

Mountings & Piers 


Packaged Systems 


Catsiog upon request 


John Unertl Optical Co. 


3551-3555 East Street 


Pittsburgh 14, Penna. 
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For more informat 


DELAY GENERATOR 


New Model 218A _ Digital Delay 
Generator producing two accurately 
controlled time intervals is particular 
ly useful in calibrating timing cir- 
cuits in radar svstems, oscilloscopes 


7) e.@, &®@ , 
+ 6 


teh EAS 


a 


and marker generators; in timing re 
sponses from drum storage systems of 
and in the precision pulse 
carriers. 


computers ; 
code modulation of control 
Range is digitally adjustable in 1-use¢ 
steps from 1! to 10,000.—Hewlett 
Packard Co., 275 Page Mill Rd., Palo 
Alto, Calif. 
e inf 175 


INPUT-OUTPUT EQUIPMENT 


New high-speed Input-Output Sys 
tem, (optional equipment for the 
LGP-30 electronic computer) is avail 
able as a combination high-speed 
punched-paper-tape Reader and 


~ 


Punch (Model 342, shown at left) or 
as a Reader alone (Model 341). The 
photo-electric reader is capable- of 
reading punched paper tape at a rate 
of 200 characters per sec. The punch 
operates at a speed of 20 characters 
per sec.—-Data Processing Div., Royal 
McBee Corp., Westchester Ave., Port 
Chester, N. Y. 
For more inforr rcle 176 


TAPE READER, TAPE PUNCH 


New Model 28, Type LBXD, Tape 
Reader (illustrated) features 100 
words-per-minute operation. It trans 
lates code of perforated tape into elec 
trical impulses for sequential or for 


parallel-wire transmission; or receives 
electrical impulses from external par- 
allel-wire source and converts these 
impulses for sequential transmission. 
% New Model 28, Type LPR, Tape 
Punch receives incoming sequential 











signals and translates them into per- 
forated code combinations in tape; 
types corresponding characters on the 
taupe; and provides facility for par- 
allel-wire output of incoming signals Po Pil PP ‘aaena 


for control of external equipment. mm Sauesaueds seanneens 





























? brochures contain details. —Telety pr 

Corp., Dept. SP-2, 4100 Fullerton, ‘ 

Chicago 39, Il. BA SERERSRBGSHGCGenGEe. | (ia sdgndbadeeds idbpadaeesas tgusesnse: 
' 177 aes a al | ri 








Card programmed, automatic 
multiple switching is the most 
practical method for handling 
complex data in automatic in- 
spection, production control and 
computer work. The reliability 
and flexibility of the CARD- 
MATIC design has been thor- 
oughly application proven in 
complicated test equipment uses. 


PORTABLE WELDING GUN 


New Model 4032 for rapid spotweld- 
ing of thermocouple junetions and 








similar light assemblies employs igni- 
















Versatile 
A selected code card will actuate all desired contacts 
simultaneously—up to 3-trillion variables accommo- 
dated automatically. Or, switch can be manually 
operated with complete safety to mechanism and 
operator. 














Safe—Foolproof 
Design is based on the principle that the absence of a- 
hole in the code card closes a switch contact. If switch 












tron power cont rol circuits for pre- is accidently actuated without a card, no contact will 
cise control of weld current.—Re- be made. 
search, Inc., 115 N. Buchanan, Hop- 
eins, Minn. Reliable 
' 178 juiry cara 187 single pole, single throw floating contacts, of self- 






cleaning, wiping type, have relatively high current 
carrying capacity (10 amps.) and unusually low con- 












FREQUENCY CONVERTERS tact-to-pin resistance (.00025 ohms). Rugged in design, 
units have been use-tested to over 150,000 operations 
New modular Model-4000-Series without failure. 
Frequency Converters afford simple 
conversion of any model to. single, Flexible 
two- or three-phase operation for Basically a 3” x 5’’ sandwich design. Top plate accom- 
range from 100 va to 3 kva by addi- modates up to approximately 60 individual contacts 






inviting use of contact strips to alleviate limitations 
due to wire size. All 187 contacts are available for 
individual connection on the bottom plate. 


tion of modular power units, output 
transformers, and power amplifiers. 
















Rugged 


A spring loaded cam arrangement with momentary 


l a \ a control solenoid provides actuation with unusual sim- 







plicity. Heavy cast and machined parts allow use of 
husky operating torque (approx. 15 lbs. . . . 50 contacts 
simultaneously) for heavy contact pressures with 
resultant low contact resistance and positive opera- 
tion. Switch jamming is virtually eliminated and 
proper card position is assured through a positive 
alignment feature. 


















Proven in Application 
A typical use in complicated electronic equipment 
occupies minimum space (approximately 7” x 7!2" x 
5’, 5 lbs.) Terminal strips provide neatness of access 
Z : 3 ; and mounting for standard electronic components. 
Ideally suited for inertial guidance Basic switch is $125. Special insulation, wiring and 
systems and other applications where tailoring to specification is available as extra. 
variable frequencies between 50 and 

1000 cps are required. High-voltage 

power supply module uses silicon-di- Write for technical 

ode rectifiers and delivers 700 vde at literature today. 

lo amp. By various series and paral- 


lel connections it can deliver 700, 

1400, 2100 or 2800 vde with %, 1, SINS FREMEN Fs — 
1%, 2, 2%, and 3 amps.—Tel-Instru- 

ment Electronics Corp., Dept. T2 728 FOR RESEARCH AND DEVELOPMENT 
Garden St., Carlstadt, N. J. 


oe ieisee: ntecniatlnn cincle Silias tne ail The Hickok Electrical Instrument Company * 10514 Dupont Ave. - Cleveland 8, Ohio 
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NEW INSTRUMENTS 
LIGHTING CONTROL 


New photoelectric control features 
a single-throw integrating relay and 


8 oe oO oO K FF ] E s D ‘ a light-sensitive photo cell which close 
VISCOMETRAN 





Now used successfully for 


end point determination 4 and open circuits at pre-determined 
natural light levels. Operating levels 


and continuous “in-process” i ; can be set within 1 to 6 ft-e range. 
Precision Magqnetic Controls, Ine. 3 


viscosity recording. . = Cottage PL, Ridgewood, N. J. 
; ‘ ' 180 


OSCILLOGRAM SCANNER 


New Model S-10 seans oscillogram 


Successful “in-process” viscosity 
measurements have been reported for 

polystyrene, polyvinyl acetate, poly- strips up to 1,000 feet in length, on 
urethane resins, and urea-formalde- : 66-in illuminated scanning surface. 
hyde resins , amen S86 2 Record speed can be adjusted to a 


} 
} 
j 


| 
maximum of 100 fpm. Several read 
ing heads, yielding digital or analog 
outputs are available for the evalua- 
tion of presented data.—Gerber 
Scientific Instrument Co., 89° Spruce 
St., Hartford, Conn, 
forriat » 181 


GAS CHROMATOGRAPH 


New gas chromatograph analyzer 
Mode! 11 Chromat-O-Flex, has dual 
column switching with automatic 
backflushing, reproducible volume 


Brookfield’s process mounted viscom- 
eter, the Viscometran, has been used 
to chart the course of polymerization 
and to signal correct end point. Its 
use has eliminated the need for con- 
stant sampling, assured greater prod- 
uct uniformity, and guarded against 
run-away reactions. Its service in ap- 
plications having pressures from 
vacuum to 100 psi where gas purging 
is possible has been remarkably trou- 
ble free and dependable. Unaffected 
by variations in liquid level, and easy 
to clean, the Viscometran continu- 
ously and accurately senses viscosity 
— a variable that can very well be 
fundamental in your process. 





Fer new application data sheet write or wire: gas sample valve, and automatic 
electronic temperature control. The 


° detector uses filament or thermistor 

TO0 Felt! the world's standard for elements, providing high sensitivity. 
viscosity measurement Recorder has 1 mv full scale.—Loe 

Engineering Co., 237 North Fair 


ENGINEERING LABORATORIES INCORPORATED Thicke Mendis Caled 


STOUGHTON 316. MASSACHUSETTS © 182 
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OSCILLOGRAPH EDITOR 


New editing device offers a high- 
speed simple method of viewing: os- 
cillograph trace data paper strip 


charts of commercial types 

width, and rolls through 6” dia. Dual 
inive unit provides constant speed at 
infinitely variable settings to a maxi 
mum of 200 fpm.— Fourdee, Ine. P.O. 
Bow GOO6B, Orlando, 


183 


DIFFERENTIAL TRANSFORMER 


New Single-Ended Linear Variable 
Differential Transformer, Series ES 


I., has null position at the end and 


linear range. Nominal fre 
quency range is 60 to 10,000) cps. Photographer Bernard Hoffman uses a tiny droplet of water, forming and 
Schaevitz Engineering, Route 130 & failing, to illustrate time sequence 
Schaevitz Blvd., Pennsauken, N. J. 


184 Controlling Time 


means in Fluid Engineering 


graphic type for use with process Even in simple hydrodynamic situations like the one pic- 
9 


computer systems receive a 3-15 psi tured above, time sequence is measured in micro-seconds. 


pneumatic stgnal from the computer. More often than not, other factors — such as pressure, vol- 
One type has a four-position switch 


: ume and flow —all tend to complicate fluid time control. 
for manual, automatic, or computer 


That's where the engineering leadership of S. Morgan 
Smith can help you most. 


SMS Rotovalves, for example, will give vou the closest 
control of closing time ...as quick as one second or as 
slow as needed. Their fast initial shut-off limits reversal 
of flow, and closure is positive and drop-tight. Rotovalves 
are easier to operate, requiring less power for mechanical 
or electrical operation, and their full line opening means 
less head loss and lower pumping costs. 


SMS offers you a complete line of standard Rotovalves, 
Ball Valves and R-S Butterfly Valves, as well as special 
application engineering help. To obtain full information, 


call our nearest representative, or write S. Morgan Smith 


control of the process; the fourth 

“seal” position allows for “bumpless” 

transfer between manual and auto- 

matic. The other station has a two- 

position transfer switch for manual Company, York, Penna, 

or computer control of the process. 

When on computer control, the con- — 

trol valve is operated directly by the | 4 

output signal from the computer. Ss MORGAN SMITH HYDRODYNAMICS 

Soth stations are self-contained and pW oe rn be 

fit into a 4-.4” square panel output. PN a ~ 

The Bristol Co., Waterbury 20, AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 

Conn, Rotovaives . Bal! Valves . R-S Butterfly Valves . Free-Discharge 

185 7 Valves * Liquid Heaters *« Pumps ¢ Hydraulic Turbines & Accessories 
90 
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AUTOMATED ANALYSIS 
HASTINGS vacuum cauccs TInt seme 


sis, in laboratory or plant, detects 


SET NEW STANDARDS OF ACCURACY, STABILITY, RESPONSE 


poe MODEL LV-1 @ Easy To Read Scales 

@ Unusually Long Life 

@ Matched Gauge Tubes 

@ No Outgassing Or System 

Contamination 

NEW MODEL LV-1. Measures 0-100 mi trace materials down to parts per bil 

cron Hg. Single meter; large 4” scale indi- lion with an accuracy of 1°%.—-Teck- 
vacuum directly without adjustments mieon Controls, Inc., Chauncey, No ¥ 


cates 
Internal voltage regulator takes care of fluc — eee? 186 
tuations in line voltage. Ideal for Industrial 
Installations. Also available in 0-1000 micron 


MODEL GV-3 VACUUM GAUGE #2"! 01-20 mm Hyg. ranges. POWER RECTIFIERS 
(Shown at right with optional 5-posi- New streamlined Flatline series of 
tion switching attachment) Range Power Rectifiers has current ratings 
from 0-1000 microns Hg. Manual cur- | from 20 to 200 amps and a peak in 
rent set and additional milliampere verse voltage range from 50 to 300 
scale allow adjustment for use in 

presence of gases other than air, for 

leak detection, and for specialized fi 
laboratory use. “bie” 


Evaluation by Users 


PROVES SUPERIORITY 


of Hastings Gauges 
WRITE: 


HASTINGS-RAYDIST INCORPORATED 


HAMPTON 44, VIRGINIA v. Flush or stud-base mounting 1s 
available in either positive or nega 
tive base polarity.—Sarkes Tarzian, 
Ine., Rectifier Div., A415 North College 
Ave., Bloomington, Ind. 


187 


YEAR END SUPPLIES — 
NOW! 


| 
| 
| 
| 
Check Model 20-4 | 
for engraving pan- r | 
1:1 to infinity. | 
| 
| 
| 
| 
‘ 


| 
D) 


BUTTERFLY VALVES 


New 32,000 series of wafer-type 
Butterfly Valves features ruggedized 
actuator mounting, ease of adjust- 

and accessibility. Design en- 


ment, 
or ables the connecting stem and link 
APPARATUS a 


INDUSTRIAL 
GLASSWARE 


me 
pee 
( 


| 


els to 30"' wide. Range 
JEM COLFAX 


CN \ 


ne 


Check Copy Type—More 
JOHN TRAVERS than 50 distinct copy 


styles. Sizes from |/4"' to 6° 
A.B.KUYSER high. Sunk eading right 


Check Cutter Grinder 
for sharpening your en 
graving cutters 


Send your specifications 
for our estimate. 
Ground and graduated 


[—] Check your cutter Sup- ware, thorough... 


Yj plies. High Speed Steel 
Ua Tungsten Carbide Diamond 


INQUIRIES INVITED ("0 


annealing. 
Cutters 
Any grade 
A Full Line of Panto Engraving 
and Marking Machines , , 

™ f to be in line and at right angles to 
¢ Rotary Tables ¢ Work Holding Fixtures : f | shaft arm at mid-stroke, for either 
* Copy Type Holders = _Endiess Belts 60° or 90° (or any intermediate point) 
operation. Actuation is either by 
TRADE MARK Write for complete details and prices. fy 2 a) Le be power, handwheel, or lever. Available 
For immediate attention write directly : ‘ Ps 4, ‘ in sizes 2” to 24” in cast iron, cast 


to manufacturer below. Ask for nearest we ra We w sey f 
representative a —— _ alloys or flamescut carbon.—-Mason- 
| Neilan, Div. of Worthington Corp. 
DFPT, ’ f { 
H. P. PREIS ENGRAVING MACHINE CO. | COMPANY, INC. Nelaten Mt. Mivwend. Mae. 
661 U. S. Highway 22, Hillside, N. J. MILLVILLE © NEW JERSEY F e informatior 188 
re information « 92 on inquiry card. e inf 93 
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STATIC SWITCHING 
ANNUNCIATOR 
New individual Static Switching 
Annunciator, Model ST-DF, is a com- 
pletely self-contained modular unit 





which eliminates relays and solenoids. 
It operates on 24-to-250-v ac or de. 
4-page brochure contains details. 
Scam Instrument Corp., 1811 West 
Irving Park Rd., Chicago 138, Ill. 

189 


DIFFERENTIALS 


New ultraminiature hollow-shaft 
differentials are available as Class 
Il or II in stainless steel. Three dif- 








. pou 4127 cena 
ferent models in,” and 's” shaft 
sizes, 0.580” and 0.790” clearance di 
ameters, 4 or & precision ball bear- 
ings, and 6’ 12’ and 15’ displacement 
ares. ye New face-gear differentials 
are available in 0.125” and 0.1875” 
shaft diameters to meet Precision 
Class I or II specifications in alumi- 
num, bronze or stainless steel. Clear- 
ance diameter 0.875” and 10° displace- 


ment are.-Dynamic Gear Co., Ine., 
20 Merrick Rd., Amityville, N.Y. 
190 


SUBMINIATURE NEON LAMPS 


Two innovations in neon lamps: 
(1) New NE2K and NE2T, said to 
“produce over twenty times as much 
light as their predecessors,” retain 
“cold light’ characteristics of neon; 
consume 0.25 watt at 2-ma_ design 


NE 2K & NE2T NE2R 


€ 


3421 Actual sizes 
current. Service life from 5,000 hr 
to over 25,000 hr, depending on model. 
(2) New NE2R obviates need for a 
series resistor or external ballast, by 
incorporating current control as in- 
tegral part of internal lamp structure. 
Average life expectancy over 25,000 
hours. Operation is cold. Power con- 
sumption 0.1 watt at 1-ma_ design 
current.-Circon Component Corp., 
Santa Barbara Municipal Airport, 
Goleta, Calif. 
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MINIATURE RECORDERS 


Square Model 85, in flush 
mount, weighs 16 Ibs. and is 
55," square x 12%” deep. 
Slim models 86 (portable) and 
87 (flush) save half the width 
of standard recorders 

measure 3%," x 7%q_ x 8%," 
and weigh only 9 Ibs. 








STANDARD RECORDERS 


Mode! 81 (portable) and 82 
(flush) are also available for 
wail and projection mounting 
take up to 3 channels. 
Weigh only 19 Ibs. and meas- 
ure 7." x 9'V0" x 7%" 





DOUBLE SIZE RECORDERS 


Models 83 (portable) and 84 
(flush) take up to 6 channels. 
Wall and projection mount- 
ing available. Chart width 
is 92’, Measure 12%" x 
9'%6" x 8%," and weigh 
only 26 Ibs. 


STRIP CHART RECORDERS 


Made under licensing agreements with one of Germany’s leading in- 
strument manufacturers . .. combine accuracy with ruggedness. 





Important features: Rectilinear Recording with patented linkage 
that translates angular meter motion into proportional straight line 
* Inkless and Ink Recording in One Unit + Three-Speed Transmis- 
sion plus 60:1 Speed Change from hours to minutes; provides six 
interchangeable speeds invall * 7° Accuracy for moving coil Move- 
ment * Shock-proof movement... splash and dustproof steel cases. 

AC, DC, power and combination movements; wide choice of ranges 
and chart drives. Write for full information. 


ELECTRONICS DIVISION 


CURTISS-WRIGHT 


CORPORATION + CARLSTADT.N. J. 
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seme \/2.,' Low 


Temperature 


Freezer 


MINUS 120° F TO 


PLUS,300° F 


® Serves many needs:—Laboratory Control, (ndustrial 
Research and Production. 


® For Cold Treating, Stabilizing, Environmental Testing, 
Low temperature storage of metals, Rivet cooling, 


Shrink fitting, Gage seasoning, Steel hardening ond 
Metallurgy. 


invaluable in the field of 
GUIDED MISSILES and ROCKETRY 


Standard production model, (white) self-contained, 
including automatic controls. 


34” high—28" deep—38" wide—outside dimensions. 
Complies with Notional B-9 Refrigeration Code. 


New low price—immediate delivery lavailable without 
avtomatic controls, for Dry Ice Storage). 


A)pha Edectric Refrigeration Co. 


1V15 East Seven Mile Road e Detroit 3, Michigan 


& 


* at: 
a 
Y 
F 
f 
j 


miniature 
‘ 


C 


NAM RR 


EBLECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILL. 


RELAYS * SOLENOIDS.» COILS * SWITCHES * HERMETIC -SEALING 
Rhy - © rer 


RN HP iat bs oe 
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GEOTECHNICAL CORP. has moved to a new 40.000 


yell plant in Garland. Vex. 


KELLOGG SWITCHBOARD & SUPPLY CO. has organ 
ized a new svstems engineering division. 

TELECOMPUTING CORP. has acquired the FRANK R. 
COOK co. w lit {\ \\ iff hecome a division ol the parent 


COMMpPAany. 


GEORGE GREGORY AND ASSOCIATES, with offices 


in West Newton. Mass... have been named New England 


sales representatives for CUBIC CORPORATION, san 


Diego (Calif.) electronics manufacturing firm 


SYSTRON CORP. has « ompleted a (5.000 sd it eXplalstoti 


of its quarters. 

UNION CARBIDE OLEFINS CO. has licensed GREEN- 
BRIER INSTRUMENTS to manufacture a new process 
stream analyzer. 

CENTURY ELECTRONICS & INSTRUMENTS has ap 
pointed AHMCO as representative for the North Western 


tates, 


FLOW MEASUREMENTS CORP. is a new organization 
closely associated with WEINSCHEL ENGR. & MFG. 


CORP.., Kensington, Md. 








Adjustable 


- 
. 


PIPE CLAMP THERMOCOUPLE 


for accurately 
reading outside 


pipe temperatures 
advantages 


¢ Used wherever immersion 


T) thermocouples are impractical 
i, or undesirable 

¢ Used where extreme corro- 

? sion and erosion are problems 

* Provides temperature readings 


on alloy, plastic or glass pipes 

that are not easily entered 
High pressure lines unbroken 

a safety feature 

Installation and service with- 
interrupting operations 
checking other tem- 

perature measuring devices 
—J Checks effectiveness of in- 

Thermocouples available in sulation 

Copper-Constantan for low Multiple units readily used 
temperatures or fron— for obtaining temperature 


Constantan and Chromel— gradients 
Alumel up te 1000° F. ¢ Installed in less than a minute 


At 4 WRITE FOR CONAX DATA 
BOOK SHOWING COM- 


<_ PLETE LINE OF THERMO. 

Fain COUPLE ASSEMBLIES AND 

“\ PRESSURE SEALING 
GLANDS. 


COMM corporation | nas 
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UNIVERSAL CONTROLS will expand research and man- 


ufacture after electing Carl P. Clare of its subsidiary to 
eveculive vice president of the parent company. 4 
MINNEAPOLIS-HONEYWELL announces a 406° expan- 
sion of its plant capacity at Beltsville. Md. 
A. D. JONES OPTICAL WORKS 


2400 MASSACHUSETTS AVENUE 
CAMBRIDGE 40 MASSACHUSETTS 


TRowbridge 6-3368—3369 


A LIST OF MATERIALS WE FABRICATE 
USED IN OPTICS AND ELECTRONICS 


POWER SOURCES, INC. is building an 16.000-sq-ft plant SAWING GRINDING POLISHING DRILLING 


at Burlington. Mass.. to be ready in March 1959. 


B-)-F INDUSTRIES has opened a new regional sales of 


fice in Baton Rouge. La. 


CROSBY VALVE & GAGE CO. announces election of 


Jere. J. Bresnahan to vice president of sales. 


ALUM GERMANIUM 
ALUMINA \NDIUM ANTIMONITE 
| ALUMINUM INDOX 
ANTHRACENE MELAMINE FIBER GLASS 
ARSENIC TRISULPHIDE MICA, SYNTHETIC 
BARIUM TITANATE POTASSIUM BROMIDE 
BISMUTH *PYREX 
BRASS *QUARTZ, CRYSTAL 
CARBORUNOUM *QUARTZ, FUSED 
CERAMIC **SAPPHIRE 
COPPER **SODIUM CHLORIDE 
*CORNING 707 ** STEEL 
*CORNING 7052 STRONTIUM TITANATE 
FERRITE TITANIUM DIOXIDE 
FERROX *VYCOR 
**FLUORIDE, CALCIUM *X-RAY LEAD GLASS 
**FLUORIDE, LITHIUM ALL TYPES KNOWN 


BALOWIN- ( - l as ¢é pol x e " 
LIMA-HAMILTON has appointed Carey A GLASS 


Evans as manager of engineering. Eleetronies \ Instru- Siiiaieiiaaie 


mentation Div. **Purchased for orders 


TECHNOLOGY INSTRUMENT CORP. of California an- 


nounces appointment of Ray Destabelle to chief engineer. 


Transducer Div. 
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GAUGES sisi", eereetreire 


FOR PROCESS & POWER INSTRUMENTATION 


IN PLANT my & 0.E.M. means O 


.Y mae . 4 a 
me ee p SIMPLE oe 


AUTOMATIC 
OPERATION 


RUGGED S 
RELIABLE 


UM E 
KUNKLE GAUGES 


Complete, broad range line makes gauge application- 
specification easy with assured results backed by 50 years 
of gauge manufacturing experience. 


your copy /S>---.. 


SHOWING NEW 
GAUGES dy WAT RESPONSE —D.C 10.1000 crs 
AND SPEC. = & : LOW NOISE LEVEL 
DATA. ae id 3 UNITS PIT PNTO 19 INCH RACK 
NOW 
AVAILABLE | 





By the makers of dependable Kunkle Valves a | INSTRUMENT COMPANY. tNC. 
o ‘ a 315 NO. ABERDEEN SYREET, CHICAGO 7, ILLINOIS 
KUNKLE VALVE co, FT. WAYNE, IND. : SALES REPRESENTATIVES THROUGHOUT THE UNITED STATES AND CANADA 
For more information circle 98 on inquiry card. For more information circle 100 on inquiry card 
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— 
MOREHOUSE CALIBRATING *s 
AND WEIGHING SYSTEM 


@® COMPLETELY TRANSISTORIZED 
® BATTERY-POWERED 
@® EXTREMELY ACCURATE | 

= 


The new Morehouse Calibrating ond Weighing System 
facilitates the accurate calibration of load cells, thrust 
stands, torque dynamometers, testing machines and other 
force measurement equipment. It is also applicable as 
a prime weighing system where extremely high accuracy 
is essential 

The System has been transistorized for ruggedness and 
reliability in addition to making battery operation possible. 
It is readily portable and easy to operate. For details, 
write for Bulletin 169 


Morehouse Machine Company 
1742 Sixth Avenue, York, Pa. 
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Calibrate Pyrometers 





.«e Measure Temperatures 


Read 
temperatures 
or millivolts 
directly 


Interchangeable 
scales 


ar" portable standard 


The Pyrotest checks recorders, controllers and thermocouples 

. measures temperatures. It is a precision signal source, 
simulating thermocouple temperatures, for checking other 
potentiometers. Built-in “run up” permits checking of milli- 
voltmeters. 

19 different stock scales will fit one Pyrotest! Scales inter- 
change in seconds. “F. or C. calibrations for all types of 
thermocouples supplied. Scales directly read temperatures 
or millivolts. 

Features include cold junction compensation, high accu- 
racy, built-in standard cell. Request Bulletin 9B for complete 





specifications. 


TECHNIQUE ASSOCIATES INC. 
P.O. BOX 91 * INDIANAPOLIS 6, INDIANA 
For more information circle 102 on inquiry card, 
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H. L. Spaunburg W. C. Stauble W. J. Bloudek 


VEEDER-ROOT INC. announces election of Harvey 
Spaunburg to chairman of the board. and Wilbur 
Stauble to president. 


SKINNER CHUCK CO. announces appointment of 
William J. Bloudek aseles manager. 


TRINITY EQUIPMENT announces appointment of Edward 
V. Feeley as vice president of sales, and Thomas A. 
Boyle as vice president of manufacturing. 


MINNEAPOLIS-HONEYWELL, Boston Div.. reports that 
George J. Schwartz, its president and general manager, 
has been elected president of the American Ordnance 
Association. Yankee Post. 


ROCHESTER MFG. CO. has elected Clark L. Hastings 


president. 
HICKOK ELECTRICAL INSTRUMENT CO. announces 


appointment of H. D. Johnson as director of marketing. 


EAGLE SIGNAL has appointed Jincent C. 


sales manager of the Industrial Div. 


Blecker to 


GUBELMAN 


CHARTS. 


ALL TYPES 


for Recording 
Instruments 








Eee er ae ee 


a 


Charts for Ink, Electrical, Heat, Wax and Metallic 
Stylus-Recording. 

Special time numbering, perforations, and graphic design 
cycles available to meet unusual requirements. 

All Charts are produced under automatically controlled 
atmospheric humidity conditions. 

Our complete chart manufacturing facilities and wide 
experience have served and progressed with the instrument 
industry since 1908. 


GUBELMAN CHARTS 


I NC O R P O R A T E D 


(FORMERLY NAMED GUBELMAN PUBLISHING CO.) 
100-106 EAST KINNEY STREET. NEWARK 5, N. J. 












where you need it... 
when you need it! 


PORTATRACE 








C. C. Snider 


R. Barlow 











EXTRA-THIN LIGHT BOX 

@ only 1-7/16" deep; witha straight 
edge, makes a self-contained 
drafting unit for field or desk. 









J. A. Dayton A. W Richart J. T. Muller 
Really portable, this tracing unit is ready for use 
ALLEN B. DuMONT LABS. announces appointment of in seconds, stores like a book when the job is done! 
{I} BE. Rack lj . : . Designed for maximum versatility, PORTA-TRACE 
vert bk. beckers as director of engineering. fits under parallel rule on the drafting board; 






flush top permits use with drawings larger than 


BARTON INSTRUMENT CORP. announces that Richard the unit itself. 
Barlow has joined the company as manager of the sales @ can be used to trace on bristol board, Multilith 
. “. : : : ; mats, or to strip-in and opaque negatives 
and application engineering department. 
@ rust-proof, stainless steel frame; shatter-proof, 
diffuser top; built-in start-stop switch 











CONSOLIDATED ELECTRODYNAMICS announces ap- 
intment of Charles ( Snider as director »f sale @ rubber feet hold it at any angle 
pS r ; a pate a @ available in 5 sizes up to 36%" x 4814”, start 
ing at 32.50 







AMERICAN METER CO. has elected James A. Dayton : : 
Write today for complete information and prices! 


vice president of manufacturing. 
LESLIE CO. announces Arthur W. Richart has been PORTAL /AAGCIE ine. 


appointed chief engineer, Product) Engineering, and 50 Wall St. Binghamton, N. Y. 
I, Thomas Muller manager. R & D. ees ne ON 











NEW AGASTAT: 
wou 





HAS LONGER OPERATING LIFE 
WHAT MAKE S THE DIFFE REN CE? The Agastat time/delav/relay has been completely re-designed, 


inside and out, to make every moving part last longer and oper- 
ate more reliably. Here are some other important advantages: 







rit nte c sod 
a! elements. customized 


ai and nor 





@ Dial adjustment for ease and accuracy 
@ Five timing ranges, covering an overail range of 





your specifications, Plummer and Kershaw’s AUTOMATIZEL 






duction brings to you the finest precisioned optics in the field from 0.08 seconds to 15 minutes 
gol cle - @ Timed intervals remain the same through re- 
PLUMMER AND KERSHAW has an established reputation for peated readjustments 





@ Integra! wiring diagram and calibration plate 
. @ Measures only 4-9/16 x 2-9/16 x 2-5/8” 
ree to call on us to help you solve your particular problem @ All contacts are flexible contacts 

! @ Contacts are larger for fast heat dissipation 


outstanding reliability, superior quality and accuracy at lowest cost 







PLUMMER AND KERSHAW your most experienced source 





Write for details and application engineer- 


ing assistance to Dept. A82-1226, 


Elastic Stop Nut Corporation 
of America 






PLUMMER and KERSHAW 
2759 Frankford Ave., Philadelphia 34, Pa. DIVISION 











1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in Pneumatic Timing 





Request Bulletin 737 on your Letterhead 
For more information circle 104 on inquiry card. For more information circle 106 on inquiry card. 
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28 volts 
powers this 
transistorized 
vibration 
amplifier 


Consuming only a fraction of the power 
required by tube type units, taking 15 
the space, and operating directly from a 
28 volt battery, this GLENNITE transis- 
torized amplifier fills all requirements 
for airborne application. 

Unique design and rugged construc- 
tion assure extremely low microphonics, 
provide high input impedance for direct 
use with piezoelectric accelerometers. 

A companion light weight, 3-channel 
battery pack is available. This unit con- 
tains a rechargeable, sealed nickel cad- 
mium battery capable of powering 3 
transistorized amplifiers for 16 hours. 

Like more data on these units? Con- 
tact your local Gulton representative, or 
write us direct. 


SPECIFICATIONS 
Gain: Continuously variable from 10 to 100 
Input impedance: 30 megohms minimum 
Power input: 28 v de at less than 3 ma 
Frequency range: 10 cps to 20 KC 


Temperature range: up to 200° F 





Call in Gulton 


Whether you need a Single instrument 
or a complete system, Gulton is capable 
of meeting all your needs in shock and 
vibration measurement from transducer 
to readout equipment. Call in a Gulton 
Instrumentation Engineer on your next 
assignment — or on your present one if 
you have a problem. 











GULTON INSTRUMENTATION DIVISION 


Gulton 
y industries, 


Inc. 


Metuchen, 
New Jersey 
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Ua tclachitla: 


AUTOMATION-CONTROL 
DIESEL ENGINE CONTROLS are de- 


scribed in new 24-page Bulletin B45-1. 
Minneapolis-Honeywell Regulator 
Cp., Industrial Div., Wayne = and 
Windrim Ave., Phila 44, Pa. 
, 192 


| POWRLOG RECEIVER specifications 


and description are given in new 2&- 


| page Specification Sheet OE-10003. 
| Hagan Chemicals & Controls, Ine., 


P.O. Box 1346, Pittsburgh 30, Pa. 
F 193 y 


RECORDERS. CONTROLLERS, IWDI- 


CATORS, 12-page Bulletin GEA-6792, 


| provides descriptive information on 
| new Type HF single-point, and HG 


multi-point strip-chart recorders and 


| recording controllers; Type HE 


round-chart recorder, recording con- 


| troller, and circular scale indicator; 


and Type HF precision indicator; and 
on available control forms.—General 
Electric Co., Schenectady 5, N. Y 

nf 194 


LIQUID LEVEL, PRESSURE, tempera- 
ture control pilots are subject of new 
8-page Bulletin 5303.—Leslie Co., 
Lyndhurst, N. J. 

f at 195 


PHOTOGRAPHIC AUTOMATION. 32 
page booklet NO: “Register Photo- 
graphically!”’ on photographic auto- 
mation with the motor-driven Robot 
35 mm camera describes applications 
of the electro-automatic registration 
system.—Kar! Heitz, Inc., 480 Lexing- 
ton Ave., New York 17, N. Y. 

F ¢ 196 o> 


DRUM-TYPE CONTROLLERS are de- 
scribed in new &-page bulletin.—Seely 
Inst. Co. Inc., p. O. Box 387, Niagara 
Falls, N. Y. 
f ; 197 


SORTING MACHINE, 2-page Brochure 


3-35 describes Precision Sorter which 
vages and sorts 300,000 small parts 
per hour to +0.0003”.—U. S. Engi- 
neering Co., Dept. IA, 40-24 22nd 

t., Long Island City 1, N. Y. 

r r 198 


MOTORS 
FHP MOTORS, 22-paze Motor Catalog 


M 159 details full spees and data on 
about a dozen small motors, ranging 
from 1/1000 to 1/3 hp and including 
universal, d-c, a-c and permanent- 
magnet types, induction, gear motors, 
governor, and brake motors.—-Carte) 
Motor Co., 2707A W. George St., Chi- 
cago 18, Ill. 
199 


SYNCHRONOUS MOTORS, 32-page 

Catalog El-4 contains det Ai duke on 
over 200 representative Elinco syn- 
chronous motor designs, includes tech- 








For your library .. . 


Heat Inertia Problems of 
Automatic Control of 
Temperature 


by Victor Broida, based on the con 
cept of "fictitious mass’ of heating 
process unit under automatic con 
trol. 1950. paper, 5!\/4"' x 8'/4", 61 
pages $1.00 


The Automatic Factory 


by June, Bardis, Lurio, Polaner, Sage- 
dahl, Sklenar and Yenken. Here is 
THE book for all who want FACTS 
rather than wild opinions ... a fresh 
viewpoint on what ‘manless factor 

s'’ CAN be—a book free from the 
generalities, platitudes, exaggerations 
and misconceptions repeated by 
many writers on this subject. 1955 
cloth, 88 pages, illustrated. $1.50 


Electronic Circuitry for 
Instruments and Equipment 


by M. H. Aronson. "Comprehensive 
source book on instrument circuitry,’ 
this complete home-study text in- 
cludes 458 multiple-choice questions 
{and answers), 215 illustrations, 10 
tables, comprehensive index. Paper- 
bound, 324 pages, 1957 (revised 
edition). $2.00 


Applications of Industrial 
pH Controls 


by A. L. Chaplin. "pH is a concen- 
tration variable which responds to 
and is a measure of the effects of a 
chemical reaction . . . and follows a 
non-linear control relationship’ pre- 
senting unique problems in pH con- 
trol application. Clothbound, 144 
pages, |950. $2.00 


Nuciear Reactors for 
Industry and Universities 
Edited by Ernest H. Wakefield. 


Covers types, availability, operation, 
protection, control, experiments, legal 
aspects, and detailed cost study 
1954. cloth, 92 pages. $2.00 


The Electronic Control 
Handbook 


by R. R. Batcher and William Moulic. 
Presents electrical and electronic 
principles applicable tc measurement 
and automatic control. 1946. paper, 
244 pages. $2.00 


Mechanical Measurements 
by Electrical Methods 
by Howard C. Roberts (Second Edi 


tion) . . . Thorough treatment on a 
subject much in need of the corre- 
lation given it. . . Serialized in IN- 
STRUMENTS under the title ‘Electric 
Gaging Methods.’ 1951. cloth, 368 
pages, illustrated. $2.00 


Instruments Publishing Co. 
845 Ridge Avenue 
Pittsburgh 12, Pa. 





















nical information on the theory and New Adage Converters 


application of all types of synchronous 
motors.—Electric Indicator Co., Inc., 
Camp Ave., Stamford, Conn 


f ; a = 
secill Offer Unlimited 
MOTORS, for all types of office ma 
chines, are discussed in 4d-page Motor- =f2 2 pit 
peice Vol. 2 No. 5..—Bodine Electric Versatility! it |< 
Co., 2500 West Bradley Place, Chicago i LF = 
18, Ill. ed halt a 
201 1 — 4 
Sra 


SYNCRAMENTAL STEPPING MOTORS MAMMA A444 444 


are described with specifications in 
new Bulletin 958SM2.—G. H. Leland, 
Inc., 123 Webster St., Dayton 2, Ohio = 

t 202 " 


VALVES 
CONTROL VALVES. 12 pace Bulletin 


[.B-8 gives details on construction and 
ope laces characteristics of the Series 
LB control valve.—-Cenoflow Corp., 
Dept. D-6, 2100 Arch St., Phila. 3, Pa. 
203 
































HIGH- PRESSURE REDUCING VALVE. 
2-page catalog sheet describes the new 
Type E, Fig. 198 high-pressure reduc- 
ing valve.—Atlas Valve Co., 280 South 
St., Newark 5, NW. 
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VALVES AND REGULATORS. '-pac: 
Bulletin GOL-B presents in short form 
pictorial and descriptive information 
on directional air control valves, regu- 
lators and filters, power cylinders, and 
hydraulic pressures.—Hannifin Co., 
541 S. Wolf Rd., Des Plaines, Il. 

t 205 








4444 













FLOW CONTROL SERVO VALVES : 
described in new 6-page iyeckare. 

Moog Valve Co., Inc., Proner Airport, 
Fast Aurora, N. Y. 
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= TEMPERATURE 





Unlimited Versatility ? — a large statement. But the facts 











TEMPERATURE SENSORS, 2-pave bul- back it up! Voldicon will translate inputs from any source 
4 : ictal _ To, ea into any storage device. 
cial appliances.— Robertshaw - Fulton Name your input: thermocouple, strain gage, telemetry 
Controls Co., Bridgeport Thermostat data, analog computer (there are too many possibilities to 
Div., Milford, Conn. list here) ... Name your output: magnetic tape, tape 
sd punch, printer, digital compu- 
ter... Voldicon will handle 










DIGITAL INDICATOR t-pase brochure any combination. 


presents information on cockpit indi- % : 
cator of exhaust gas temperature Whatever your needs there is 







Write for full 
Technical 





















(EGT) or turbine inlet temperature a Voldicon model designed to : 
Ca es 7 oe . = & H one answer your problems... well pepetications 
oe ae within your budget. 
— NEW VOLDICON FEATURES: 
@ New Transistor Design 
TEMPERATURE CONTROL, 4-pace | e New Speed — up Te hist 






short-form Catalog covers complete ; 

line of thermistor-based temperature | separate Conversions per second 

measurement and control instruments. | @ New Accuracy and Reliability 
Yellow Springs Instrument Co., Inc., | 

Yellow Springs, Ohio 












role 209 ed. | Ver ei 
| La G—Re --S-... 
VACUUM THERMOCOUPLE GAGE and | 7 eS 
Control are described in new technical | INCORPORATED ai Qa, 
data sheet.—NRC Equipment Corp., Pe 
160 Charlemont St., Newton 61, Mass. Department IA-12, 292 Main Street : 
e information circle 210 juiry card Coeeettge 42, Mass. 
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DOMOTOR DOES MORE ww tue 


ACCURATE, AUTOMATIC CONTROL OF 
HARD-TO-HANDLE FLUIDS 
































































MODEL 1560 
DOMOTOR 
Control Valve 


accuracy of 1 
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GAS ANALYSIS BY THERMAL CONDUCTIVITY SINCE 1935 
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A “Now! Available from Stock” from Stock! 


TUBE NUTS PN AILABLE CAT. No. 9611 (Brass Pric 

*Minimum order $50 Of 

Order for immediate shipme 
or seed for Bulletin FIL 
Address Department. IA 


Instruments & Automation 


Other models by Annin — 
Solenoid-operated, Mode! 1520 
Handwheel Vaive, Figure 15 


from 


THE ANNIN COMPANY 


Div. of The Annin Corporation 


1040 S. Vail Avenue 
Montebello, California 


i 


Detectors for Gas Chromatography 
Gas Analysis by Thermal Conductivity 
Temperature Resistance Measurement 
— 60 ohms maximum working resist- 
ance aaenont: Gonieention 











¥ OF STRAICH 
OBALT IRON 


rcie 111 
—Vol. 31 





If so, investigate the ANNIN DOMOTOR 
control valve, wherein internally con- 
trolled differential pressures, 
across a sealed-in piston, provide the 
motive power for operation. The 
DOMOTOR combines powerful valve 
action with exceptional stability, greater 
plug travel and guaranteed positioning 


e Per Pair 





Is your problem the precise 
control of erosive and corrosive 
fluids at high or low temperatures? 





acting 


1000 of valve travel. 


Standard models withstand pressures 
to 5,000 psi with special applications 
to 50,000 psi. 
—425°F to 1600°F. 


Effective temperatures 


Write today for Catalog 1500B 


——_ GOW-MAC 
HIGH POSITIVE COEFFICIENT 


RESISTANCE FILAMENTS 


For Repair, Experiment and Instruction with 


Other Gow-Mac Products 


e Portable and Panel 
Instruments 
e Power Supplies 
(20 V., 500 ma. D.C.) 
¢ Thermal Conductivity 
50 Cells (Hot Wire and 
Thermistor) 


CULM INSTRUMENT Co. 


100 KINGS ROAD, MADISON, NEW JERSEY — Tel. 


FRontier 7-3450 





THERMAL SonouCTiviTy CELLS are 
subject of 4-page bulletin TCTH-9-58 

Gow-Mac Instrument Co., 100 Kings 
Rd., Madison, N. J. 
f ein ' 211 


FLOW 


d-page Specification 
gives design-, capac 


ROTAMETERS. 


Sheet SS-11J-2 


ity- and dimension-details on new O 
rotameter. 
Lansdale, 

212 


ring-seal-type of 
Rotameter Co., 


Brooks 
Penna. 


t-page Bulletin 


DALL FLOW TUBES. 
115-LIB details full spees and data on 
Builders 
Harris Ave., 


this primary flow element. 
Providence, Ine., 345 
Providence 9, R. 1. 
For 4 format » 213 


LAB ROTAMETERS are described in 


new 2-page Bulletin 18L.—Schutte 
and Koerting Co., Cornwells Heights, 
Bucks Co., Penna. 

r f ? ¢ 214 

FLOW TRANSDUCER, Mark V, is sub- 
ject of new 4-page brochure.—Ramapo 
Instrument Co., 8 First St., Blooming 


dale, N. J. 
f 215 


PRESSURE, 
ACCELERATION, WEIGHT 


ty) P TRANSMITTER . ee of new 
2-page Bulletin M-2 Manning 
Maxwell & Moore, i Indus trial 
Controls Div., Danbury, Conn. 

f 216 


GAS-DAMPED ACCELEROMETERS are 
dise ussed in new 4-page Instrument 
Notes 33.—-Statham Instruments, Inc., 
12401 We ‘- Oly mpic Blvd., Los 
Ange ‘les 64 alif. 

217 


AUTOMATIC WEIGHING and filling 
machine is de ascribed in new 2-page 
Bulletin H-2.--Richardson Secale Co., 
Clifton, N. i 
e int 218 


TIME 
INSTRUMENT DRIVE, Bulletin 410 de 


scribes the Gasclok Power Drive, a 
completely self-contained air- or gas- 
powered instrument drive and timing 
unit..-American Meter Co., #20 Payne 
Ave., Erie, Pa. 
f f ¢ 219 


DIGITAL TIMERS, 4-pace bulletin pic 

tures and specifies digital instruments 
for counting events, frequency, time 
intervals, etc.—Hupp Instrumenta 

tion, a Div. of Erie Pacific, 12932 S. 
Weber Way, He awthorne, Calif. 

I f 220 


TIMING CONTROLS. &-paxe Bulletin 
800 pictures, spec ifies, and charts ex- 
plosion- proof timing controls for re- 
cycling, time delay, interval, and 
elapsed time. Industrial Timer Corp., 
1407 McCarter Highway, Newark 4, 
N. J. 

is e inf 1) role 221 















ELECTRONIC TIMER is described in 
ReCap Vol. 2, No. 5, 1958.—Fansteel 
Metallurgical Corp., Rectifier-Capaci- 
tor Div., 2200 Sheridan Rd., North 


Chicago, Il}. 










Acco 
Helicoid 
Gage 
U.S.A. 
VIBRATION it Nothing but the best in gages for working pressures from 30” vacuum to 10,000 p.s.i. 
VIBRATION RECORDING SYSTEM. 12 ; aiiae B 
page catalog describes and explains 

mses of a completely self-contained i These details of Helicoid gage design 


strumentation system.—Columbia Re 


search Laboratories, MacDade Blvd © 8 
& Bullens Lane, Woodlyn, Penna. assure longer life and enduring accuracy 









222 





















223 
SHOCK TESTERS are described in 
Bulletin 4-70. Consolidated Electro- Pett ee 
cone es . > a ‘ : . S. Patents 0. 21 
dynamic i, orp. Rochester  Div., Pha lecslan iniheatalt. 
Rochester 3, N. Y. less steel hair spring 
, 224 maintains smoot, con- 
tinuous contact between i The cam sector is alumi- 
Bi the cam facing and the num—to reduce inertia 
VIBRATION TESTING. S-pagre illetin helicoid roller. to a minimum. 
425 covers vibration testing for. si- Sat bess : 
nusoidal and complex motion testing (tke ‘¢ | pq —_ Standard bushings are 
with force ratings from 1200 to 2500 * Cn craphted Saves: 
Ib..-M B Manufacturing Co., Div. of , 







Textron, Inc., P. O. Box 1825, New The roller is sta:nless | 
aw we J steel with a highiv pol- } 
Haven &, Conn. ished helicoid surface. | 


225 













The connecting link 
and the screws are 
hardened K Monel. 






VIBRATION CONTROL ana bonded 


rubber products are described in *“Dy- 













The roller pivot is ball 










nafac ts \ ol. 2, No. 2. Lord Manu- shaped. and rides on a Ps The polished cam 
facturing Co., Erie, Penna. graphited Bakelite disc. t psig oe The link adjusting screw 
f né f 226 geht is at the rear to faciti- 
The hairline pointer ad- warp or distort tate calibrating the Hel- 
justment screw is stain- icoid Gage. 





jess stee! 


VISCOSITY, } 
CONSISTENCY The superiority of Helicoid Gages is most evident in severe 
VISCOMETER for pipe- line applica- service — wherever a gage is subjected to violent pressure pul- 
tions is described in new 2-page Bulle- 3 $ ; : 
sations or severe mechanical vibrations. 









: tin V-1228.—Norcross Corp., 247 New- 
tonville Ave., Newton 58, Mass. The sustained accuracy of Helicoid Gages over millions of 
. dere cay - cycles is explained by the details of design and construction 
CONSISTENCY METER, 4-page Bulle- of the Helicoid movement shown above. Such Helicoid fea- 






tin 16P1359 describes Plastometer, an 
instrument for automatic measure- 
ment and control of slurry consist tivity, sustained accuracy and trouble-free operation. 
ency.— Fischer & Porter Co., 832 Jack- ? 

sonville Rd., Hatboro, Penna. 


= The Chemical 
LABORATORY, _ _ Gage 


The Helicoid Chemi- 
ANALYTICAL cal Gage has a guar- 


( ‘ 
anteed accuracy of 


tures—protect against wear and corrosion and assure sensi- 









Tubes built for 
millions of 






























CONTINUOUS OXYGEN AWALYZER es Pe Oe. EE 

operation and applications are de- seep he eC : pressure 

scribed in new Bulletin 0704-1.—-Mine a applicable for work- i Isati 

Safety Appliances Co., Pittsburgh 8, ing pressures from 30 & Puisations 

Pa vacuum to 5000 p.s.i. » To tit the wide range of applica 
229 and temperatures to Rs tions, Helicoid Bourdon tubes 

400° F. It is particularly suitable are available in four materials 

ANALYTICAL BALANCES. 32-page Bal- for chemicals and other viscous (& illoy steel, K Monel, stainless 

ance Bulletin illustrates and lists fluids which might clog or corrode a = steel and phosphor bronze. 

products of six major analytical bal- Bourdon tube. Pressure and or All Hehicoid tubes are made 

ince manufacturers, also torsion-type vacuum is transmitted directly to) f% from seamless tubing and are 

and balances for pulp, solution, specif- the indicating gageelement through = © carefully designed to give maxi 

i gravity, heavy capacity, etc., as deflection of a Teflon or Kel F seal- - mum torque and minimum 





stress. When used within the 
dial range, they will withstand 





well as accessories.—Harshaw Scien- ing diaphragm. 
tific Div. of Harshaw Chemical Co., 
1945 EF. 97th St., Cleveland 6, Ohio . — many millions of pressure pul- 
230 For complete information on sations and: will not straten 
the Helicoid line of gages write S teak or crack 
are sul t of : ag a : ACK: 
LABORATORY OVENS are subject of 5” Coratog 6-52 


new 2-page bulletin. —Precision Scien Helicoid gives you all these features at prices that 
tific Co., 3737 W. Cortland St., Chi ro 


3 O., ° 0 . é al., - ! x aoe = i are competitive in the quality gage field. 
cago 47, Ill. Pom. 4 


231 / BS Helicoid Gage Division 
LAB APPARATUS and equipment is AMERICAN CHAIN & CABLE 


covered in 175-page catalog.—Labline 
929-B Connecticut Avenue + Bridgeport 2, Connecticut reave y 































Inc., 3070-82 W. Grand Ave., Chicago 
22. Tit. 


For 

















= Sng nt achaens 112 
(N December 1958—JInstruments & Automation —Page 2023 





ermeneneione STANDARD 


TRADEMARK 


Industry's preferred “instrument of a thousand 
uses”. Accurate, rugged, versatile STANDARD 
Elapsed Time Indicators. Synchronous motor drive. 
Electric clutch controlled by manual or automatic 
switch or output of electronic tubes. Manual or 
electric zero reset. Units for flush panel mounting 
or portable use. 





Scale 


Model Divisions | Totalizes Accuracy 
PANEL MOUNTED 





$-100 y 6000 sec. 





$-60 : snn ts 





SM-60 in, 60 min. + .002 min. 


$-10 10 sec. | 1000 sec. | 4.02 sec. 
S-6 1000 min. 10 min. +.0002 min. 














S-1 1/100 sec. 60 sec. | “£.01 sec. 





MST 1/1000 sec. | .360 sec. ‘| .001 sec. 


ee ee - —— -_— + $$$ 
MST-500 {1/1000 sec. | 30 sec. {| +.002 sec. 

















“8 


89 LOGAN STREET @ SPRINGFIELD, MASSACHUSETTS 
nformat 113 


SEVERAL METERS IN ONE 


Multi-Range, Multi-Purpose 
AC-DC Ammeter/Voltmeter 





Several AC and DC ranges can be combined in 
one instrument. All ranges have uniform scales. 


AC 
0-50 MA, 0-1 to 0-10 Amperes. 
0-50 to 0-800 Volts (20 ohms/volt) 


Dc 
0-100 to 0-750 Millivolts 
0-1 to 0-800 Volts (Approx. 24 ohms/volt) 


One popular combination includes 
these ranges: 
0-50 MA, 0-5/10 A AC } 
0-150/300/6C0 VAC} 50-800 cycles 
0-150/300/600 V DC 


Ask for Catalog Section 48 


Product Representatives in Most Principal Cities 


The ESTERLINE-ANGUS Company, Inc. 


Pioneers in the Manufacture of Graphic Instruments 
DEPT. G, P. O. BOX 596, INDIANAPOLIS 6, INDIANA 


For more information circle 114 on inquiry card 
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CONTINUOUS pH CONTROL 2-page 
Application Data Sheet pH-4209 de- 
scribes use of industrial pH equip- 
ment in the production of enamel 
printing paper.—Beckman/Scientifie 
and Process Instruments Div., 2500 
Fullerton Rd., Fullerton, Calif. 


233 


DATA HANDLING 
PLEXICODER is described with specs 


in &-page Bulletin 1599A.—-Consoli 
dated Electrodynamics, Transducet 
Div., 300 North Sierra Madre Villa, 
Pasadena, Calif. 

234 


DECADE INDUCTORS are described 
with specs in 2-page Bulletin LP121.1. 
Computer Engineering Associates 
Inc., 350 North Halstead, Pasadena, 
Calif 
235 


SHAFT POSITION ENCODER. 4-paxe 
Sulle im 8600 contains dimensions, 
specifications, and deseription of Pre- 
cision Shaft Eneoder and its compo- 
nents.-W. & L. FE. Gurley, 514 Fulton 
St., Troy. 3 Pg 


236 


PROGRAMMING. °2-page booklet 
U-1555 “Programming—a New Pro- 
fession for You” outlines with humor- 
ous illustrations the role of the pro- 
grammer in industry. Includes biblio- 
graphy of non-technical books on com- 
puters, and comprehensive list of col- 
leges and universities offering courses 
in computing machinery and data 
processing.—Remington Rand Div. of 
Sperry Rand Corp., 315 Fourth Ave., 
New York 10, N. Y. 

' 237 


DATA PROCESSING, |2-pave brochure 
“Burroughs Electrographic Recording 
Equipment” reviews high-speed elec- 
trographic printing and recording 
equipment for various branches of the 
military.._Bur oughs Corp., Defense 
Sales Div., 66 2 Second Ave., Detroit 
32, Mich. 
238 


COMPUTER LANGUAGE TRANSLA- 

, %3¥&-page brochure provides ap 
plication information for the Model 
ZA-100 Computer Language Transla- 
tor for translation between different 
types of electronic computers and _ re- 
lated data-processing equipment.— 
Electronic Engineering Co. of Calif., 
1601 E. Chestnut, Santa Ana, Calif. 

e 239 


TRANSISTORIZED MEMORY, Engi 
neering data sheet includes physical 
characteristics, control signals, speeds, 
and principles of operation of Tran- 
sistorized Sequential Load-Unload 144 
Character Memory System.—General 
Ceramics Corp., Keasbey, N. J. 
240 


LOGIC UNIT BOARD. 8-page booklet 
describes the new Logic Unit Board, 
a highly versatile array of basie com- 
puter elements which can be connected 
easily to serve whole logic and con- 
trol functions of complex digital com- 
puters.—General Mills, Inc., Mechan- 
ical Div., 1620 Central Ave., Minne- 
apolis 13, Minn. 

For e int stior 241 





A/D CONVERTER. 4-page Brochure 
DI.03 provides design information 
on a new device for shaft analog-to- 
digital conversion.—Telecomputing 
Corp., Data Instruments Div., 12838 
Saticoy St., North Hollywood, Calif. 

F stior 242 


RECORDERS 
MULTIPLE-POINT RECORDER (on- 


troller Assembly is described in new 
2-page data sheet ND46-33(6).— 
Leeds & Northrup Co., 4907 Stenton 
Ave., Phila. 44, Pa. 
format 243 


GRAPHIC INSTRUMENTS to cut costs 
are discussed in Bulletin 958.—The 
Esterline-Angus Co., Inc., P. O. Box 
596, Indianapolis 6, Ind. 
For more infor stion role 244 


IMAGE CONVERTER CAMERA, ultra- 
high speed, is described in new 2-page 
brochure._—Librascope Inc., Precision 
Technology Dept., 66 South P St., 
Livermore, Calif. 
k 245 


TESTING 
TESTERS. 12-page Catalog 459) con 


tains illustrations and descriptions of 
60 different testers for adhesives, ce 
ment, insulation, metals, paper, plas 
tic, rubber, textiles, and fats-wax. 
Custom Scientific Instruments, Ini 
541 Devon St., Kearny, N. J 

te 246 


WALK-IN CHAMBER, '-pave brochure 
on walk-in environmental chambers 
for temperature, altitude, and humid 
ity, describes complete missile-test fa 
cilities.-Conrad, Inc., Conrad Square, 
Holland, Mich. 
F 247 


TESTING FACILITIES 25-page bro 
chure presents information on en 
vironmental testing laboratory facili 
ties for evaluation and testing of all 
types of commercial] and military 
equipment.—Belock Instrument Corp., 
111-01 14th Ave., College Point, N. Y 
t 248 


PRECISION GAGES AND TOOLS. !° 
page catalog presents photographs 
and digest descript ions of optical, clee 
tronic, and mechanical tools, vages, 
and inspection devices.—Engis Equip 
ment Co., 431 S. Dearborn St., Chi 
cayo ovo, Hl. 
n 249 


SYNCHRO DATA CHARTS are avail 
able on request.—Theta Instrument 
Corp., 48 Pine St., East Paterson, 
IN. 40 

250 


COMMUNICATIONS 


ITV with automatic light control com 
pensating for light variations of up to 
1000:1 is described in 2-page bulletin. 
Kin Tel, Div. of Cohu Electronics, 

5 Kearny Villa Rd., San Diego 

, Calif. 

e inf it 25) 


WAVEGUIDE WINDOWS, '-page fold- 
er tabulates, illustrates and explains 
uses of pressurizing windows.—Bomac 
Laboratories, Inc., 1 Salem Rd., Bev- 
erly, Mass. 

Fo re nieve yt > 252 
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Conamo’ Thermocouples 


For Furnace Tube Walls 


Cut Installation Time 75% 


Installation time, always a high-cost 
factor with furnace tube wall thermo- 
couples, has now been reduced up to 
To% by Thermo Electric. Responsible 
for this reduction is T-E’s “Ceramo” 
construction —ceramic-insulated con- 
ductors with overall metal sheathing. 
Conventional, rigid assemblies were 
both costly and difficult’ to install. 
“Ceramo” furnace tube wall thermo- 
couples virtually eliminate these 
difficulties. 

Applications 
Phese thermocouples measure the in- 
crease in outer tube wall temperature 
when coking or sealing of the inner 
wall causes a loss of heat transmission. 
They are used on furnace tubes, super- 
heaters, pre-heaters, and for determi- 
nation of start-up temperatures, 

Advantages 
‘Ceramo”™” furnace tube wall thermo- 
couples can be bent to almost any 
shape—greatly simplifying difficult in- 
stallation around tubes. 
Large holes in the furnace wall, pre- 


viously required to accommodate the 
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motion of old-style, rigid assemblies. 
are no longer necessary. “Ceramo,” 
though basically rigid, will flex with 
the differential motion between tubes 
and furnace wall. “Hot spots,” result- 
ing from faulty insulation around large, 
rigid assemblies, are also eliminated. 
Since “Ceramo” measuring junctions 
are completely enclosed, they need 
only be tack welded to the tube wall. 
There's no need to seal-weld the entire 
outer end of conventional, open-end 
protection tubes, “Ceramo”™ is generally 
used without protection tubes. 
“Ceramo™ construction provides eX- 
tremely small O.D.s—ranging trom 
1/16” to 7/16”. 


Write For Bulletin EDS-45-F 


{ Thermo 
Electric C0., INC. 


SADDLE BRCOK, NEW JERSEY 





~ 








s 


in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Oat. 
VWs nquiry card 
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PHOTOCON 
FLECTRO-MAGNETIC 
COUNTERS 


—compact, reliable units for 
telemetering readout and control 


These Photocon counters add and/or subtract electrical pulses at speeds up 
to 20 counts per second. Each digit on each whee) has a contact, for remote 


indication or control. Counters available with precision resistors mounted 
between contacts. Counter provides an analog or digital output. 


High accuracy - 
counts. A balanced 


vibration. 


High reliability 
tact noise. W 


Small size—only 1'%,” 
22 ounces. Available in 3-, 4-, 


armature 


there is no gain or loss of counts over a life of 10,000,000 


insures 


accurate counting during severe 


contacts are made from precious metals to eliminate con- 
earing parts are built of Nylon for long life. 
high x 31,” wide x 3%” 


and 5-digit counters... 


deep. Weight is only 


also in shaft-driven 


mode)s. Units can be preset, and hand reset. Write for literature on 


Photocon Model MCP-1005. 
a 


PHOTOCON RESEARCH PRODUCTS 


421 North Altadena Drive, 


Pasadena, Calif. 


A Complete Line of Electro-Mechanical Counters and Digital Clocks 


THE ROLYN 
(Snake) Plier 


An indispensable tool for assembly and dis- 
mantiing of optical, radio, scientific instru- 


ments and all kinds of mechanical equipment. 


The SNAKE PLIER of two coil 
springs with their turns interleaved, attached 
to two arms projecting from and sliding for 
adjustment of diameter on the main support- 
ing bar. Two sets of springs are supplied and 
additional sizes are available. 

Ideal for use in all fields where a positive 
friction grip is required in loosening, or tight- 
ening, of the most delicate and fragile threads, 
or thin wall tubing without danger of damag- 
ing, or of marking. Can be used on right or 
left hand threads. It is equally effective at any 
angle 


consists 


Exhaustive tests in Government workshops 
and research depts. have — the efficiency 
of the Rolyn SNAKE PLI 


mcerosom> $98.60 


ROBERT M. LYNN 
OPTICAL « GLASS « PHOTO 
(ROLYN COMPANY) 
Established 1923 
319 N. Santa Anita Ave.—Arcadia, Calif. 
Cable Address ‘'Rolyn’’ Los Angeles. 
Phone: DOugl!as 7-2300 
Address Reply to Post Office Box 745, 
Arcadia, California 

e 117 
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COMPRESSED AIR 
DRYERS 


AND CLEANERS 


— 


. (War-Aoy 
— COW? 


OPERATES 
FOR LESS 
THAN 2 CENTS 
PER 12,000 
CUBIC FEET 














VAN-AIR DRYERS purify raw com- 
pressor air — extract water up to 
1.07 Ibs. per 1000 cu. ft. — reduce moisture to 
ZERO-dewpoint — remove contaminating bacteria, 
scale, etc. —deliver air uniformly clean and dry. 

VAN-AIR DRYERS have no elements to heat, 
regenerate or reguiate — average ten minutes care 
per month — process air automatically with a non- 
corrosive desiccant (see diagram) — operate with 
less than 1% pressure drop. 

Many plants, shops and labs use the VAN-AIR 
to protect instruments, testers, circuits, etc. 
Others use it to prevent fouling of chemicals, 
compounds, plastics, foods, drugs, etc. Some 
need it to reduce spoilage in product finishing, 
spraying, blasting, packaging, assembling, etc. 
VAN-AIR DRYERS are built in various sizes. 

Capacities range from small 10 scfm units to 
large vessels for entire plant output — up to 8000 
scfm and 6000 psig. Write for brochure. 


VAN PRODUCTS CO.* MFRS. 
5807 SWANVILLE ROAD, ERIE, PA. 


For more information circle 118 « 
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LEVEL SET ATTENUATORS are de- 
scribed in new 2-page bulletin.—Poly- 
technic Rese batt, & Development Co. 
Inc,, 202 Tillary St., Brooklyn 1, N. Y. 
For niormat @ 283 on inquiry card 


ELECTRICAL, 
ELECTRONIC 


INSTRUMENTS 
SERVO AMPLIFIERS, miniaturized, 


with power ratings to 16 watts are 
described with specs in new 4-page 
Brochure S-893.— Magnetic Amplifiers 
Inc., 632 Tinton Ave., New York 55, 


254 


MINIATURE TRANSFORMERS 2-pase 
circular describes and illustrates new 
line of mu-metal-shielded epoxy-im 
pregnated miniature transformers 
(Transistor Transformerettes) for 
transistor application. Amplifier 
Corp. of America, Transformer Div., 
398 Broadway, New York 13, N.Y. 


TONG TEST AMMETERS. &-pave cata 
log on Tong Test a-c/d-c ammeters 
gives detailed information on the se 
lection and use of 8 types. 
Electric Mfg. Co., 
Cleveland 14, 


Columbia 
4519 Hamilton Ave., 
Ohio. 
* 256 


ELECTRONIC INSTRUMENTS. 4-pave 
short form catalog describes Accelera 
tor Current Integrator, Universal 
Photomultiplier Photometer, Milli- 
Microsecond Time-to-Pulse-Height 
Converter, Multi-Channel Pulse 
Height Analyzer, Non-Overloading 
Linear Amplifier, and Milli-Microsec 
ond Time Measuring System.—Eldo 
rado Electronics, 2e2i FYenth. S*.. 
Berkeley, Calif, 
257 


RMS VOLTMETER is desc ribed i 
page Bulletin 42 and 2-page Eos 
44.—Flow Corp., 85 Mystic St., At 
lington, Mass. 

f t 258 


MINIATURIZED VTVM's are described 


in new 4-page short form Catalog 
10-A..-_Metronix Ine., Chesterland, 
Ohio 
f 259 


RESISTORS, 
POTENTIOMETERS 


PORTABLE POTENTIOMETERS, 5-pave 
Bulletin 110 describes maker’s line for 
plant and laboratory, and includes the 
new E-3067 laboratory standard. 

Gray Instrument Co., 200 East Church 
Lane, Phila. 44, Pa. 
t ¢ ter ‘ r P 260 


POWER RESISTORS. 2-page Bulletin 
BR-9-58 illustrates and tabulates with 
electrical and mechanical specifica- 
tions flat and stack-mounting power 
resistors.—- Hardwick, Hindle, Inc., 40 
Hermon St., News ark 5, N. J. 

For more infor n circle 261 


described in 
Technology In- 
Atoll Ave., 


PRECISION POTS are 
new 6-page brochure. 

strument Corp., 7229 
North Hollywood, Calif. 
t ore bein ies 7 262 





POWER SUPPLIES 


POWER SUPPLIES, transistorized, are 
featured in 8-page specification bulle- 
tin.—Lambda Electronics Corp., [{-[1 
131 St., College Point 56 . =. 


e 263 


DUAL POWER SUPPLY, super-regu- 
lated, tracking type, is described with 
specs in new 12-page Bulletin SR-400. 
George A, Philbrick Researches, 
Inc., 285 Columbus Ave., Boston 16, 
Mass. 
264 


DRY BATTERIES, 100-page manual 
outlines use and selection of dry bat- 
teries. Free to engineers engaged in 
the design of battery-powered equip- 
ment; others $1.00.—Burgess Battery 
Co., Dept. PR-1, Freeport, 11). 

f 0 25 


ELECTRONIC AMPLIFIER and Power 
Supply are described in technical data 
bulletin EE-1005.—Seneca Falls Ma- 
chine Co., Electronics Div., Seneca 
Falls, N. Y. 


266 


ELECTRICAL, 


ELECTRONIC 
COMPONENTS 


ELECTRONIC PARTS AND EQUIP- 
MENT. 452-page catalog lists over 
32,000 items, ineluding electronic 
tubes, transistors, semi-conductors and 
diodes, test inst ruments, transformers, 
printed circuit components, relays, 
rectifiers, photo-electric components, 
2-way radio-telephones, sound count- 
ers, program clocks, timers, power 
supplies, Ste. ete.—_ Allied Radio Corp., 
100 N. Western Ave., Chicago 80, IN. 


267 
PRECISION ASSEMBLY KITS are de- 


scribed in new 16-page brochure. 
Servo Corporation of America, 20-20 
Jericho Tpke., New Hyde Park, L. 1., 
N.Y. 

268 


PREAMPLIFIERS. &-paye Bulletin P- 
15 describes preamplifier, Types 
PA4401-001 8VA_ including physical 
and electrical characteristic curves. 
Control, Div. of Magnetics, Inc., Box 
301, Butler, Penna. 
format 249 


PHOTO-VOLTAIC CELLS. 4-page Tech- 
nical Information Bulletin 33-58 de- 
scribes new!y-developed line of silicon 
photo-voltaic readout cells.—Hoffman 
Electronics Corp., 930 Pitner Ave., 
Evanston, III. 

re informat 270 


ELECTRON TUBE RETAINERS 12-pare 
Catalog 2-TT provides descriptive in- 
formation on top-holding tube and 
component retainers.—-Birtcher Corp., 
Industrial Div., 4371 Vailey Blvd., Los 
Angeles 32, Calif. 

r yt 271 


ADJUSTABLE DELAY LINES, 2-page 
Catalog Sheet DT-140 provides details 
on Type 140 for long time delays.— 
Deltime, Inc., 608 Fayette Ave., 
Mamaroneck, N. Y 

f f yt 272 


GFF-NORMAL CONDITIONS 
REPORTED and RECORDED 





NEW PANELLIT RECORDING 
ANNUNCIATOR UNCOVERS PROFIT LEAKS 


Pinpoints temperature, flow, pressure and level process trouble 
areas by accurately, instantly recording off-normal operations. 
Permanent, unalterable statistical data helps prevent downtime 
repetition. 

No time-wasting decoding. Directly readable digital form. 


Typical power station application: The exact time period of 
steam stop valve closure, generator circuit breakers and over- 
speed trip resets is permanently recorded, providing advance 
notice of sluggish functioning and permitting immediate pre- 
ventive action. 


Model RA helps attain highest quality products by continuously 
monitoring all process variables. Also helps reduce downtime, 
maintenance and operating costs in your plant. 


Write for Bulletin 102 today. 


PANELLIT, INC. 


7401 No. Hamlin Ave., Skokie, Ill. 
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rY-Yeledaliti:) 
section 


CLASSIFIED ADVERTISING, EMPLOY. 
MENT AND BUSINESS OPPORTUNITIES 
Address box replies to Instruments Publishing 
Ce., 845 Ridge Ave., Pittsburgh 12, Pe. 


MINIATURE WELDERS 


¢ Precision Bench 
Welding Heads 
Tweezers 
Power Plants 
Tapwelders 
NEW: Portable 
Thermocouple 
Welder and 
Tacker 


Submit parts for free 
and ask for data sheet. 


sample welds 


Route 7F 


E WA L D Kent, Conn. 


INSTRUMENTS 
For more ir s+ 120 








Aluminum 


DOLLIES 


Eight power outlets 


SCOPE and 
LABORATORY 
B . 





4 19 Loh Model A 
ig " ] 0 


and vie wine 


"SCOPE DOLLY jurable- 
1} r strume 


4 le fo 
LAB DOLLY” versatile ed Low 
we 2 she Direct-To-You 
of eapmnt PRICE 
TECHNICAL SERVICE CORP. 
1404 W. Market St., Louisville 8, Ky 
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SALES ENGINEERS 
WANTED or St. Louis and 
New York. Prefer graduate 
Chemical or Mechanical En- 
gineers with two or three 
years’ experience after fin- 
ishing college, preferably in 
the process industries. Mail 
reply to H. E. Beane, Vice 
President, The Bristol Com- 
pany, Waterbury 20, Con- 
necticut. 








WANTED 


Occupant—Tax Free—Low Annual Renta! 
—New Factory just outside Tulsa, Okla- 
homa—Abundant skilled native help—low 
labor costs—especially suitable Electronic 
Industry assembly and parts. Contact Box 
363 








REBUILT 


mcbenaiaiae 


immediate delivery 


Many Temperature Controllers, Precision 
Indicators, Continuous Line & Multiple 
Point Recorders. Leeds & Northrup Speed 
omax, Micromax; M.-H. Brown ElectroniKs, 
Brown-Beckman Electronic Pneumatic pH 
Controllers. Similar instruments 


Complete Control Paneis 

4 Engineered & Busit 
to fit your 
Needs 


Sold on Trial 


Instrument Service Engineering Labs. 


ST + DAYTON 4, OHIO © ADems 2241 
122 nquiry card 





INSTRUMENT 
ENGINEER 


A. E. Staley Manufacturing Co 
Decatur, Illinois 








MANUFACTURERS’ REPRESENTATIVES de- 
sired for a complete line of solid ad 
sorbent instrument air dryers and com- 
pressed gas dehydrators in ali territories 
east of the Mississippi River. Representa- 
tives should be selling instrumentation and 
equipment to oil refineries, chemica! 
plants, and power plants. Gas Drying Inc 
Box 56, Summit, New Jersey 
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PYROMETERS 
BOUGHT—SOLD—SERVICED 


Immediate Shipment of Rebuilt 
Pyrometer Equipment From Stock 
—LIST ON REQUEST— 


PYRO SERVICE CO. 


17121 Greeley, Detroit 3, Mich. 
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100 Electronic Circuits 


smosse, eke ok cai, Mee ee 
pages, illustrated Price $2.00 
Applications of Industrial 
pH Controls 


by Allen L. Chaplir 950. Cloth, 
4'/)"' x 8", 144 pages _ Price $2.00 


INSTRUMENTS PUBLISHING CO. 


845 Ridge Ave. 
Pittsburgh 12, Pa. 
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NEW LITERATURE —Cont. 





DELAY LINES. Bulletin 213 describes 
the characteristics of distributed con- 
stant delay lines and the models avail- 
able from stock.—JFD  Electronies 
Corp., 6101 Sixteenth Ave., Brooklyn 
oN. ¥ 

f e 273 


REPLACEMENT VIBRATORS, One 
page catalog lists complete specifica- 
tions of 8 standard vibrator models 
for replacements.—James Vibrapowr 
Co., 4050 North Rockwell St., Chicago 
18, Ill. 


274 


CHOPPER INVERTERS for low level 
d-c measurements are described in 
new 9-page brochure.—Microdyne, 300 
W. Washington, Chicago 6, Hl. 


275 on ing 


RECTIFIER REPLACEMENT S'lIDE 
contains 46 pages of information on 
replacement of damaged rectifiers. 
Conant Labs. 6500 O St., Lincoln, 
Neb. 

e 276 


SOLDER TERMINALS, with specifica 

tion drawings, are featured in new 14 

page Catalog 158.—Alpine Electronic 

Components, Inc., Waterbury, Conn. 
277 


SELENIUM RECTIFIERS, cartridge 
type, are described in new 8-page 
catalog.—Syntron Co., 669 Lexington 
Ave., Homer City, Penna. 

278 


CONNECTORS 
RF COAXIAL connectors are described 


in new 1&-page catalog ALRF-1. 
Cannon Electric Co., 3208 Humboldt 
St., Los Angeles 31, Calif. 


279 « 


SIDE-MOUNTED CONNECTORS. 2-paxe 
bulletin gives specifications, outline 
dimensions, and general information 
on Series “G” miniature connectors, 
manufactured by Continental Connec- 
tor Corp.—-DeJur-Amsco Corp., 45-01 
Northern Blvd., Long Island City 1, 
N. 
280 


FACILITIES, 
FABRICATION, 
SHOP EQUIPMENT - 


PRECISION WELDING EQUIPMENT. 
4-page short-form describes equipment 
specially designed to join light-gage 
materials ranging from 0.0003” to 
0.080".—Vacuum Tube Products Co., 
2020 Short St., Oceanside, Calif. 

281 


MOLDING FACILITIES. 4-page folder 
illustrates and describes design and 
manufacturing facilities for precision 
custom molding from all thermosetting 
materials.— Delta Plastics Co., Creek 
Rd., Bellmawr, N. J. 

For more information circle eee 





GLASS BLOWING, for scientific in- 
struments, research and development 
is described in 4-page bulletin.—Glass 
Instruments Inc., 2285 East Foothill 
Blvd., Pasadena, Calif. 
F t 283 


MINIATURE DRILLS, ete. are described 
in new &-page bulletin.—Super Too! 
Co., 21650 Hoover Rd., Detroit 13, 
Mich. 
f 284 


FILTER DESIGN Techniques are sub 
ject of 4-page engineering Bulletin 61 

Rixon Electronics Inc., 2414 Reedic 
Dr., Silver Spring, Md. 
f 285 


CORE WINDING MACHINES, 20-pase 
Catalog 7 pictures and describes Aut 
matic Toroidal Core Winding Ma 
chines manufactured in) Germany. 
Rex Rheostat Co., 3 Foxhurst Rd., 
Baldwin, L. I., N. Y. 

286 


MISCELLANEOUS 
GRADUATING AND CALIBRATING. |” 


page pamphlet describes operations 
for applying calibrations and gradua- 
tions to scale beams, bars, rules, dials, 
etc. by use of various standard mark 
ing machines.—Acromark Co., 378 
Morrell St., Elizabeth 4, N. J. 

287 


ALUMINUM NAMEPLATES. 4-pace 
Bulletin 177 describes application of 
self-bonding Quik-Plates to different 
types of surfaces. Free testing sam 
ples available-—W. H. Brady Co., 727 
West Glendale Ave., Milwaukee 9%, 
Wis. 


288 


COATINGS, 36-page brochure provides 
information on clear and colored in 
dustrial coatings for use on metal, 
plastics, glass and wood._-Bee Chemi 
cal Co., 12933 South Stony Island 
Ave., Chicago 33, II 
F f yt 289 


PVC MOLECULAR MODELS, 2-pare 
bulletin illustrates Godfrey Models 
for plastic representation of moleculat 
structures, strained ring systems, re- 
action mechanisms, hydrogen bonding, 
ete.-— Will Corp., Box 1050, Rochester 
SN. ¥ 


290 


PACKAGE ENGINEERING for product 
protection is discussed in new 8-page 
brochure.-- Armour Cushioning Prod 
ucts Div., Armour & Co. North Benton 
Rd., Alliance, Ohio. 
f t 291 


INSULATION ADHESIVES and Sealers 
are described in new 4-page catalog. 
Minnesota Mining and Mfp. Co., Ad- 
hesives, Coatings, and Sealers Div.., 
123 Piquette Ave., Detroit 2, Mich. 


TUBING AND CABLE SUPPORTS are 

described in new 78-page Catalog 858. 
-P-W Industries, Inc., Duncan and 

Melrose Sts., Phila 24, Pa. 
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New COX 


Flow Indicator 


2°% Accuracy 


The Cox Flow Indicator provides a dramatic new dimension 
in direct reading instrumentation. Where accuracy and 
reliability are essential at a low initial cost, the Type 7 1s 


the answer. 


The Indicator is for use with Cox turbine flowmeters or 
other transducers producing a frequency signal directly 
proportional to tlow rate. It is available for readout in 
either volumetric or gravimetric units—with specific 
gravity adjustment. A span adjustment enables the Indicator 
to be calibrated to any particular transducer. Panel and 


portable models are available. 


A second model not shown, the Type 7B, provides 


accuracy of 1% of flow. 


We welcome the opportunity to demonstrate the Type 7 
Indicator to you, without cost or obligation, to prove its 
superior features. Cox Instruments Division, George L. Nankervis 


Company, 15200 Fullerton Avenue, Detrott 27, Michigan. 


A new bulletin describ- 
ing the Type 7 Indica- 
tor is available. Ask 
for Bulletin No. 700 
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advertisers 
index 


This index is published as a 
care w taken to make it accurate 
s no responsibility for errors 
Adage incorporated 
Aero Research Instrument Company 
A'G'A Division 
Elastic Stop Nut Corporation 
Alpha Electric Refrigeration Co 
American Chain & Cable Co., Inc 
Helico'd Gage Division 
American Meter Company 
American Time Products. Inc 
AMP Incorporated 
Annin Company 
Atlas E-E Corporation 


Bailey Meter Company 
Barksdale Valves 
Berkeley Division 
Beckman Instruments, inc 
Borg Corporation. George W 
Bristol Company 
Brookfield Engineering Laboratories 


Cambridge Instrument Company, Inc 
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Comar Electric Company 
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Consolidated Electrodynamics Corpor 
Cox Instruments Division 

Nankervis Company, George L 
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Telecomputing Corporation 
Development Engineering Company 
Dynamic Instrument Co 


Eagle Signal Corporation 

Edison Industries, Thomas A 
Instrument Division 

Electro Precision Corporation 


SERIAL BINARY CODE 


SYNCRONIZING PULSE 


TAPE READER 
OUTPUT PULSES 


“CLOCK” 
GENERATOR 
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1921 
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Electronic Associates 
Eppley Laboratory, Inc 
Fsterline-Angus Company, Inc 
Ewald Instruments 
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Fenwal Incorporated 
Fisher Governor Company 
Foxboro Company 

Freed Transformer Co. Inc 
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Generali Controls 
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New Departure Division 

Gow-Mac Instrument Co 

GPE Controls Inc 

GPS Instrument Co.. inc 
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Hays Corporation 
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Minneapolis-Honeywel! Regulator Co 
Heinemann Electric Company 
Heise Bourdon Tube Company, in 
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American Chain & Cable Co. Inc 
Hickok Electrical Instrument Company 
Hoke Incorporated 
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Industrial Instruments Inc 

Industrial Test Equipment Co 
Instrument Service Engineering Labs 


Jones Optical Works A.D 
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Leeds & Northrup Co 
Leslie Co 

Lewis Engineering Co 
Lindly & Company 
Liquidometer Corp 
Lynn, Robert M 


Manning, Maxwell & Moore In 
Marsh Instrument Co 
Marshalitown Mfg. Company 
Mercoid Corporation 

Mettler Instrument Corporation 
Mine Safety Appliances Company 
Minneapolis-Honeywell 

Moeller Instrument Company 
Moore & Company, Samuel 


"CONTROL SYSTEMS FROM STOCK UNITS 


FLIP FLOP 
CONTROLLED 


GATE 


TRANSFER GATES 


BINARY COUNTER 


PARALLEL TO SERIAL BINARY CONVERSION SYSTEM 


NAVCOR transistorized system blocks provided the practical link 
between design and operation. Now, your own system designs can be 
put to work immediately using stock units — completely integrated, 


performance-proven, 


economical 


. the new, direct approach to 


aur systems pioneered by NAVCOR. The concept of system 
blocks extends through every facet of industrial and military electronic 


controls, 
systems development 


program, 


and is currently available tor you to exploit in your own 


Send for the NAVCOR manual of over 40 compatible modules. 
NAVIGATION COMPUTER CORPORATION 
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Morehouse Machine Company 
Moser Jewel Company 


Nankervis Company, George L 
Cox Instruments Division 

Nash Engineering Company 

Navigation Computer Corporation 

Nester Company, Inc Ll. G 


Ohaus Scale Corporation 


Paimer Thermometers. In 

Panellit, Inc 

Partlow Corp 

Penberthy Manufacturing Co 

Petrometer Corporation 

Philbrick Researches, In 
George A 

Photocon Research Products 

Plummer & Kershaw 

Porta-Trace Inc 

Precision Tube Company 

Preis Engraving Machine Co 

Pyro Service Co 


R & A Machine Co. Inc 
Radio Frequency Laboratories 


Sanborn Company 

Scherr Co., inc.. George 

Sensitive Research Instrument Corporation 
Shore Instrument & Mfg. Co., Inc 
Simplatro! Products Corp 

Smith Company, S$. Morgan 

Staley Manufacturing Company, A € 
Standard Electric Time Company 
Stromberg-Car!son 

Swiss American Jewel Bearings Co 


Technical Service Corp 
Technique Associates Inc 
Telecomputing Corporation 
Data Instruments Division 
Thermo Electric Co., Inc 
Toledo Scale Corporation 


Unerti Optical Co. John 
United Electric Controls Company 


Valcor Engineering Corp 
Van Products Co. Mfrs 
Veeder-Root Incorporated 


Wallace & Tiernan Incorporated 
West Instrument Corporation 
Weston Instruments 

Division of Daystrom, Inc 
Wiancko Engineering Company 


MULTIPLE 
PRESET COUNTER \ 
byFREED _\ 


TYPE 2020-4-6 

The Freed Type 2020-4-6 Multiple Preser Counter 
was designed for sequential predetermining 
control and is ideally suited for applications 
when a machine or a process is started manually 
and stops automatically ot several preset counts 
in one operation. One of the applications for 
this counter is the winding of tapped toroidal 
or transformer coils. 

Premium components, simplified circuits, using 
Oo minimum of computer type vacuum tubes and 
a silicon diode power supply provides reliable 
maintenonce free operation 


-SPECIFICATIONS 


@ MAXIMUM COUNT: 4 digits 9,999 

@ COUNTING RATE: 4000 per second 

@ PRESETS: 1-6 

@ INPU Photocell, Switch closure, Pulse 
@ OUTPUT: Relay DPDT — 5 Amp contacts 
@ SIZE: 11 x 13 x 8% inches 

@ WEIGHT: 191, Ibs. 

@ POWER SUPPLY: 105-125 Volts-—50-6@ cycies 
Freed also manufactures Preset, Totalizing, 
Be*ching and Timing counters 
Send for complete information. 


FREED TRANSFORMER CO., INC. 


1707 Weirfield St., Brooklyn (Ridgewood) 27, N.Y. 
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Keep ahead ..... 

of the latest developments in 
AUTOMATION 
INSTRUMENTATION 


Read, regularly, the one magazine that brings you al/ 
the new products, a// the new literature, a// the latest 
instrumentation data . all in one magazine that 
brings you 2000 educational pages a year—/nstruments 
& Automation. 


Use This Subscription Card $ 


LOOKING 
AHEAD 


Instruments & Automation will bring you 
many outstanding papers presented at_ the 
technical sessions of the Fourth International 


Automation Exposition and Congress. 


Here are some of the titles scheduled for 
early appearance: 
Status of Automatic Contro! in West Germany 
Soviet Trends in Computers for Control... 


Effective Selection of Measurements for Process 
Control 


Engineering Aspects of Data Acquisition 
Evaluating Proposed Investments in Automation 
Making Automation Work 


. .. and many, many others. 


SUBSCRIBE NOW! 


Reader's Inquiry Card > 


For further details concerning developments reported in 
advertisements, or New Products or New Literature re- 
views, CIRCLE THE NUMBER corresponding to that 
which appears with the ad or write-up. If the card has 
already been used, mark the number on a postal card (in- 
cluding month of issue) and send to us. When indicating 
change of address, kindly note old address. Please allow 
4 to 6 weeks for changes. 


enter my subscription to Instruments and Automation for 





1 year at $4.; (} 3 years at $9.; [| 5 years at $10. 
These rates apply to U. S. & Canada only 
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K 


| IMPORTANT: fill in COMPLETELY | 


Good until 3-1-59 


Gard good only in U. S. and Canada. Please print complete data. 
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Address 
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] Check for address change. Show OLD address here: 
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Principal Product 
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USE THIS CARD TO SUBSCRIBE NOW... 


to Instruments & Automation 


—for 30 years the world's leading 
magazine of measurement and control 


INISOd 


In one year | & A not only brings you more than 2000 
pages of instrumentation po control data, BUT also the 
annual | & A Handbook & Buyers’ Guide, which lists all in- 
strument, automatic control, and allied devices manufac- 
tured by ALL companies (over 3000) in the field. (It's the 
only buying directory listing only such products. It's avail- 
able only to | & A subscribers, as part 2 of the October 
issue... 1T WILL NOT BE SOLD SEPARATELY.) 
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awaiting their cue, dozens of other note- 
worthy features are scheduled for early use 
in Instruments & Automation. Among them 

. Special Surveys on Process Circuits... 
Pressure, Flow, and Temperature Transmit- 
ters... plus first-line articles on... 
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sry Computation of Orifice Meter Gas Co- 
efficients 

vy Characteristics of Proportional-Speed 
Floating Action 
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7 Dynamic Response of Remote Pressure 
Pickups 
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¢ Mass Spectrometry in Science and Industry 


vv Industrial - Instrument - Manufacturers’ 
Schools 


vy Life in Extreme Environments 
z Fault Detection for Analog Computers 


... and many others 
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2 separate one-year subscriptions . .......$ 6.00 

3 separate one-year subscriptions 7.50 

4 separate one-year subscriptions 9.00 

5 separate one-year subscriptions 10.00 
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“DEMI 54” 

Valve Manifold 
integral mount 
n cleanout type 


pecial manometer 


mounting 


ae 


‘ 


— 


BLOCK VENT VALVE 


3 balanced valves? 2 
reverse acting and 1 di 
rect acting, actuated by 
one operator. With 0 to 
3 psi control air, the 2 
reverse acting valves are 
closed, center valve vent 
ed. At 6 psi control 
all valves closed. At 
to 15 psi, the 2 reverse 
acting valves are open 
and the vent valve is 
closed, allowing free 
flow through body.Design 
pressure 1000 psi. Teflon, 
Chevron packing. Teflon 
seating for tight shut off 


“BANTAM” 500 SERIES 
VALVE 


Throttling Bantam Dia 
phram Control Valves for all 
standard control vaive uses, Cv 
of 0.6 and below, up to 1000 

F, characterized, 
renewable trim, 316. stainless 
d Teflon only wetted 

n hysteresis size 
2000 series Ban 
Volves availiable 
service 


! 


“DEMI” PACKLESS 
VALVE 
services when 

2g is a problem 
of small 

at 

services 

psi and 

screw, togglie, 
diaphragm oper 


“MITE” 70 ated, the DEMI line 


is ideal for panel 


Pneumatic signal monitor. Embodies safety mounting up to five 


trip-out with manual 


or remote pneumatic valves in one block 


reset. 250 PS! maximum pressure with trip 
adjustment for lock-up or vent from | to 100 


PSi. Standard materials 
num. Other materials anc 


blue anodized alumi 
i models with integral 


two or three-way valves available 


WHIFFLETREE 
OPERATOR 


valves 


by one ¢ 
Valves may beg 
or three-wa 

h a multitude 


ng arrangements 


‘ 
for mixing and rout 


ng applications 


MANUAL 
RESET 


rever con 


— 


CONSTANT VOLUME 
REGULATOR 


Fully automatic regula 
tion provides constant 
volume output of gas 
or air regardless of fluc 
tuating pressure drop 
Capacity control by 
micrometer adjustment 
assures accuracy of di 
sired output volume 
from 5.0 to 180 SCFH 
ot pressure differentials 
from 1 to 25 PSI. Brass 
Body 





danger 
oxic proc 
must be 

»r safety 
failure until 
reset 
alves insure 


nst disaster 


AIR OPERATED 
CONTROL VALVE 


Miniature diaphragm oper- 
ated control valve. Barstock 
construction with bolted 
bonnet and blindhead. Con- 
nections from 4" to 1” 
NPT. Cv. from .001 to 10.0 
Direct of reverse acting 
operators for control ap- 
plications. Extension bon 
nets for extreme tempera 
tures available 


DIAPHRAGM OPERATED 3-WAY 
CONTROL VALVE 


THROTTLING 
CONTROL VALVES 
WITH TOP 
MOUNTED MOORE 
POSITIONER 


Compact, accurate and 
ruqged. Light weight 
Sizes from 14" to 
NPT. Flanged connec- 
tions available. Bar 
stock bolted bonnet, 
blindhead and body 
Cv. from .001 to 10.0 
with pressures to 1000 
PSI 


_— 


Aluminum diaphragm operator, stainless steel 
body and trim, Teflon packing with Teflon seating 
for tight shut off. Available up to 2’, flanged or 


screweo 








REPRESENTATIVES 


Write us for complete technical information, or 
for the address of our representative in your area. 


IN PRINCIPAL CITIES 








MINIMUM VOLUME MANIFOLD 


A compact manifold consisting of five pack- 
less valves having .0006 cubic inches vol- 
umetric displacement. Can be cam acivated 
for programming applications. Soldered, 
welded, tubing or NPT connections with 
applicable materials of manufacture for 
high temperature and high pressure service. 


GEORGE W. DAHL COMPANY, INC. 86 tupcio street, sristot, R. | 
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